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 Development of a Two-Tiered Multiple Choice Test to
 
Measure Misconceptions in Physics Among
 
High School Students in Thailand
 
CHAPTER 1
 
INTRODUCTION
 
In the past, science educators have assumed that
 
students enter physics classrooms with an absence of knowl­
edge, i.e., the "empty-vessel" theory of education, and
 
that learning thus begins from the zero point.  In accor­
dance with this theory, students do not reflect precon­
ceived notions of prior knowledge that would cause them to
 
resist or to fight what they are about to learn, and thus
 
learn only as much as may be expected of them in the new
 
classroom.  However, recent findings in cognitive research
 
have caused a movement away from the empty-vessel theory
 
toward "naive theories," or the supposition that students
 
usually bring informal ideas or knowledge with them into
 
the classrooms they enter to formally encounter the phenom­
ena of physics (Mestre & Touger, 1989)
  .
 
The informal ideas that students bring with them into
 
the classroom have been described or defined differently.
 
From efforts to summarize the barriers placed before an ac­
curate conceptual knowledge of physics, a useful and common
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working language may be based upon the term "misconcep­
tions" (Amir, Frankel & Tamir, 1987).  Other terms that
 
have been used to describe this phenomenon include semi-

autonomous schemes (Clement, 1982), erroneous concepts
 
(Stepans & Dyche, 1987), misunderstandings (Perkins & Sim­
mons, 1987), preconceptions (Brown & Clement, 1987), alter­
native ideas (Haslam & Treagust, 1987), conceptual stum­
bling blocks (Narode, 1987), spontaneous conceptions
 
(Mestre & Touger, 1989) .
 
The term "misconception" has many definitions.  Fowler
 
and Jaoude (1987) defined misconception as an inaccurate
 
understanding of a concept, the misuse of a concept name,
 
the incorrect classification of concept examples, confusion
 
between differing concepts, improper hierarchical relation­
ships, or over- or under-generalizing of concepts.  Wander-

see (1985) defined a misconception as a concept often used
 
to describe an unaccepted (though not necessarily "incor­
rect") interpretation of a concept by the learner.  Duit
 
(1987) stated that "misconceptions are conceptions which
 
are incorrect viewed from the standpoint of science"
 
(p. 154).  For the present study, the definition provided
 
by Narode (1987) is sufficiently comprehensive to provide
 
practical and useful guidelines:
 
Misconception is a person's conceptualization of
 
a problem or phenomenon that generally is reason­
able to themselves but at variance from the con­
ceptualization of an "expert" in the field from
 
which the problem came.  (p. 322)
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Abimbola (1988) stated that the problem of selecting
 
the most meaningful and useful terminology to define mis­
conceptions remained unresolved even after a conference on
 
misconception was held at Cornell University in 1983.  Sci­
ence educators placed themselves within two differing per­
spectives of conceptual change or terms.  Advocates of the
 
"revolutionary" perspective defined misconceptions as mis­
understandings or erroneous ideas, whereas those who fa­
vored the "evolutionary" perspective preferred the use of
 
the terms existing concept, preconceptions, alternative
 
framework, or alternative conceptions.  Subject to even
 
further division, the term "alternative conception"  was re­
garded to be more inclusive than "alternative framework"
 
and had gained wider application.
 
For purposes specific to the present study, the prac­
tical focus for a concept of misconceptions is adapted from
 
Narode (1987):  Individual conceptualizations of a problem
 
or phenomenon of optics that are self-evidently reasonable,
 
but which differ from conceptualizations established by
 
"experts" in the field of optics.
 
During the last three decades, misconceptions in sci­
ence have been extensively investigated and have been re­
ported to exist among students in many grade levels in the
 
United States (Bar, 1987; Brown & Clement, 1987; McDermott
 
& Goldberg, 1986), and as well in South Africa (Helm,
 
1980), Nigeria (Adeniyi, 1985; Ivowi, 1984), the Nether­
lands (Bouvens, 1987), India (Mohapatra, 1988), Australia
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(Haslam & Treagust, 1987), Taiwan (Dai, 1991), and Thailand
 
(Sangsupata, 1976, 1984).  Predominantly, investigations of
 
the existence and nature of these misconceptions has been
 
conducted in the field of physics, but in recent years
 
there has been a considerable increase in studies in the
 
fields of biology and chemistry as well as in those areas
 
of physics, including force and movement, that received
 
relatively little attention in the past (Duit, 1988).
 
At the same time, during at least the past decade, it
 
has become evident to educators in Thailand that many Thai
 
high school students completed physics courses without
 
developing an adequate understanding of the concepts and
 
theories which they had been taught.  One of the results of
 
the identification and investigation of this problem has
 
been increased focus upon student misconceptions in rela­
tion to physics.  This problem has in the past been cloaked
 
by several factors specific to the Thai educational set­
ting, including problems in the identification of student
 
cognitive stages of development, the widespread habit of
 
learning textbook information by rote memorization, and a
 
focus upon teacher-centered learning.  The result is that
 
research information on student misconceptions in Thailand
 
is not readily available, and an instrument for the analy­
sis of patterns of misconception in physics has not been
 
developed.  Thus, there is a need to develop a valid and
 
reliable instrument for the analysis of Thai student mis­
conceptions in physics.
 5 
Theoretical Framework and Rationale
 
for the Study
 
The theoretical framework for the proposed study was
 
derived from six areas of inquiry:  a) existence of miscon­
ceptions, b) constructivism and misconceptions, c) measure­
ment of misconceptions, d) consideration of related vari­
ables, and d) Thai students and the educational system.
 
Existence of Misconceptions
 
Misconceptions about scientific principles are wide­
spread and have a tenacious hold on student patterns of
 
thinking (Ridgeway, 1988).  Bodner (1986) stated that the
 
misconceptions that students bring into science and mathe­
matics classes are remarkably resistant.  Moreover, miscon­
ceptions interfere with ability of students to understand
 
concepts presented in the classroom (Mestre & Touger,
 
1989).  Halloun and Hestenes (1985b) stated that:
 
if such misconceptions are not corrected early in
 
the course, the student will not only fail to
 
understand much of the material, but worse, he is
 
likely to dress up his misconceptions in scienti­
fic jargon, giving the false impression that he
 
has learned something about science.  (p. 1048)
 
Driver (1981) had found that many students passed science
 
courses without acquiring adequate understanding of their
 
underlying concepts and theories.  Idar and Ganiel (1985),
 
who examined learning difficulties in physics among Israeli
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high school students, found that preconceptions affected
 
ability to learn.
 
Duit (1988) stated that among students, alternative
 
frameworks (i.e., misconceptions) were frequently found in
 
the field of physics (Idar & Ganiel, 1985).  Misconceptions
 
among students had been determined to exist at the elemen­
tary level (Bar, 1987; Dai, 1991; Stavy, 1991), the second­
ary or high school level (Brown & Clement, 1987; Bouvens,
 
1987; Helm, 1980; Ivowi, 1984; Ivowi & Oluotun, 1987; Moha­
patra, 1988; Shepherd & Renner, 1982; Stepans, Beiswenger,
 
& Dyche, 1986), and at the college or university level
 
(McDermott & Goldberg, 1986; Smith, 1987).
 
The preference topics of cognitive researchers were
 
force and motion, but investigations of misconceptions in
 
optics had been conducted for light, light propagation,
 
vision, and color.  McDermott and Goldberg (1986) examined
 
problems in understanding image formation by plane mirrors
 
among physics students at the University of Washington.
 
Bouvens (1987) used a multiple choice test designed for a
 
rating scale format to investigate misconceptions regarding
 
geometric optics among high school students, and Mohapatra
 
(1988) investigated misconceptions regarding the second law
 
of light reflection.  Thus, research findings indicated
 
that physics misconceptions existed at all educational lev­
els.  In addition, Treagust (1988) and Haslam and Treagust
 
(1987) determined that parallel misconceptions could be
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found to exist in the fields of, respectively, chemistry
 
and biology.
 
Constructivism and Misconceptions
 
Constructivism, the lineage of which can be traced to
 
Immanuel Kant through an early 20th century German philo­
sopher of science, Hugo Dingler (Butts & Brown, 1989),
 
became a prominent educational approach during the early
 
1980s.  Bodner (1986) stated since Piaget's theory that
 
knowledge was constructed in the minds of learners was
 
based upon actual research in how children acquired knowl­
edge, Piaget (1974) should be identified as the first con­
structivist.  Piaget stated that knowledge was acquired as
 
the result of a life-long constructive process in which we
 
organize, structure, and restructure our experiences in
 
light of existing schemes of thought, thereby gradually
 
modifying and expanding upon these schemes.  Thus, from the
 
concept that "knowledge can be transferred intact from mind
 
of the teacher to the mind of the learner," the constructi­
vist model focused rather upon the learner; that is, "know­
ledge is constructed in the mind of the learner" or "knowl­
edge is assumed to fit reality the way a key fits a lock."
 
(Bodner, 1986, pp. 874)
 
From the point of view of science, the constructivist
 
model helps to explain why students bring misconceptions
 
that are remarkably resistant to instruction into chemis­
try, physics, and mathematics classrooms.  Science educa­8 
tors have sought to reduce misconception in a variety of
 
ways, including the use of computer programs in the class­
room (Brown & Burton, 1978; Brown & Vanlehn, 1980; Stewart,
 
Streibel, Collins, & Jungck, 1989; Tatsuoka, 1983).  Howev­
er, changes in the technology of classroom instruction have
 
seemingly had little effect upon the nature of student mis­
conceptions.  Bodner (1986) stated that simply telling stu­
dents that they were wrong was not sufficient to modify the
 
degree to which students could overcome their misconcep­
tions.  Driver (1981) maintained that in the absence of
 
knowledge of student misconceptions prior to entering the
 
classroom, even well-prepared and effective teaching would
 
not assure that all students would absorb new and correct
 
concepts.
 
In the constructivist approach, human learning is
 
viewed as a process in which the learner actively con­
structs knowledge based upon the application of existing
 
conceptions (Duit, 1989).  Based upon this model, the most
 
feasible means to replace prior misconceptions is to con­
struct new concepts that provide more appropriate explana­
tions of individual experience and/or knowledge (Bodner,
 
1986).  From classroom observations, Narode (1987) deter­
mined that student misconceptions must be addressed and
 
overcome before more accurate conceptual understanding
 
could be attained.  This was the approach adopted by Dai
 
(1991), who found evidence to support the need to diagnose
 9 
student misconceptions before any specific teaching strate­
gy could be successfully adopted for the classroom.
 
Measurement of Misconceptions
 
Since the mid-1970s research interest in student con­
ceptions in science has increased to the extent there has
 
been a conjunction of interests in the role of preconcep­
tions upon ability to learn between the otherwise separate
 
fields of science education and cognitive psychology (Duit,
 
1988).  Science educators have sought to determine the
 
nature of the principal preconceptions which influence stu­
dents' pathways to accepted scientific knowledge.  From a
 
basic and general point of view, the interest of cognitive
 
psychologists is directed toward the role of preconceptions
 
in the learning and problem solving processes.
 
Since this conjuncture of interests, standard psycho­
metric procedures have been employed by science educators
 
for the investigation of student preconceptions  or mis­
conceptions.  The usual means to obtain information about
 
student misconceptions has been through individual student
 
interviews and/or responses to open-ended questions about
 
specific scientific topics.  While interviews can be a
 
fruitful means to provide in-depth information about the
 
state of student misconceptions (Trembath, 1980), it is
 
time-consuming process that provides which are difficult to
 
categorize or evaluate by statistical methods.  Moreover,
 
the process requires substantial training and must be lim­10 
ited to small groups of students (Amir et al., 1987; Haslam
 
& Treagust, 1986; Treagust, 1987).  Thus, interviews are
 
not a convenient means for use by instructors within class­
rooms.
 
The use of open-ended short essays allows students to
 
express their ideas freely, but for reason of this same
 
freedom of expression are also difficult to  assess.  More­
over, in an open-question format, language difficulties
 
interfere with the identification of real misconceptions
 
(Bouvens, 1987).  One alternative that teachers can use to
 
identify student misconceptions is to administer a pencil-

and-paper multiple choice test, wherein items are specifi­
cally designed to identify misconceptions within a limited
 
and clearly defined content area (Haslam & Treagust, 1986).
 
Multiple Choice Testing
 
Multiple choice testing has been a long-established
 
and even dominant technique of evaluation.  Accompanying
 
growth in emphasis upon the development of intellectual
 
skills and the mastery of major principles,  as replacements
 
for the principle of education by rote memorization,  multi­
ple choice test items have been designed to measure factual
 
knowledge as well as to assess various higher cognitive
 
abilities (Tamir, 1971; West & Pines, 1985).  Specific to
 
the present study, Amir et al.  (1987) stated that "careful­
ly constructed multiple choice items are by themselves ef­
ficient in corroborating our knowledge about  existing mis­11 
conceptions.  Bar (1987) reported that misconceptions that
 
were rarely detected from either oral or written open-ended
 
test essays, had been recorded in considerably high percent­
ages in the multiple choice tests.
 
Ease of administration, accompanied by the use of ob­
jective scoring procedures, has been an inducement for re­
searchers to develop multiple choice test measures of for­
mal reasoning ability and misconceptions (Tobin & Capie,
 
1981).  Thus, multiple choice tests to measure student mis­
conceptions in the classroom have been constructed and ad­
ministered as reported in the conference on misconception
 
at Cornell university.  The regular pattern of questions
 
presented for science misconception test formats has been
 
based upon either four or five optional responses (Dai,
 
1991; Doran, 1972; Fisher, 1985; Griffiths, Thomey, Cooke,
 
& Normore, 1988; Helm, 1980; Ivowi, 1984; Lawson & Weser,
 
1990; Linke & Venz, 1979; Stavy, 1991; Wandersee, 1985)  or
 
upon two-tiered tests (Haslam & Treagust, 1987; Treagust,
 
1988).
 
Two-Tiered Multiple Choice Testing
 
When measuring logical thinking and misconceptions, it
 
is difficult to assure that subjects use formal reasoning
 
abilities to solve the various test items.  Thus, the
 
necessity that subjects justify problem solutions has been
 
a characteristic of clinical procedures that has not been
 
generally incorporated into pencil-paper tests.  Therefore,
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Lawson (1978) and Lawson, Adi and Karplus (1979) employed
 
this technique as the basis for the development of a two-

tiered multiple choice test in which subjects were required
 
to provide written justifications for problem solutions.
 
Tobin and Capie (1981) used the same procedure to
 
develop a multiple choice measure of logical thinking abi­
lities, establishing construct-related evidence for valid­
ity.  Subjects were asked to select a correct response from
 
a number of alternatives, and then to provide written jus­
tification of their selection.  From the results of test
 
administration, it was determined that many high school
 
students were unable to formulate clearly written justifi­
cations for the selection of particular responses.  Thus,
 
the test was modified to include multiple justification op­
tions as well as multiple solutions for each problem.  A
 
correct solution then required selection of the correct
 
response and the best justification for that response.
 
Consequently, the two-tiered test represents the techniques
 
of both the subjective test (i.e., the clinical interview)
 
and the objective test (i.e., the multiple choice test).
 
According to Haslam and Treagust (1987) and Treagust
 
(1988), the two-tiered test is based upon a multiple choice
 
format, consisting of problem and lists of suggested solu­
tions.  In turn, the list of suggested solutions consists
 
of two parts or tiers, the first of which for each item is
 
a multiple choice content question with from two to three
 
response choices.  The second part contains a set of four
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possible reasons for the response given to the first part.
 
The reasons consist of the correct answer, one or more
 
identified misconceptions, and frequently a clearly incor­
rect reason.  The second part was developed from student
 
responses to open-ended questions, as well as from informa­
tion gathered from the interviews and the literature of
 
testing procedures.
 
Tamir (1989) stated that the advantages of a two-tier
 
item, with respect to traditional multiple choice, consist­
ed of the following:
 
1)  It provides all the benefits of an objec­
tive item, such as quick, easy, and even de­
sired machine scoring, economy of response
 
time, it is not dependent on students' writ­
ing skills, and 2)  it enables the inclusion
 
of specific misconceptions and provides de­
tailed information about the frequency dis­
tribution of these misconceptions in a given
 
student population.
 
Although the two-tiered multiple choice test based upon the
 
integration of objective and subjective test procedures has
 
been considered to be an appropriate alternative for the
 
determination of misconceptions in science (Haslam & Trea­
gust, 1986; Tobin & Capie, 1981; Treagust, 1988), a valid
 
and a reliable two-tiered multiple choice test for the
 
determination of the effect of misconceptions in physics
 
education has not been previously developed or tested.
 
Validation of Test Instruments
 
Although multiple choice tests have been widely used
 
to diagnose scientific misconceptions, the reliability and
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the validity of only a few studies using paper-and-pencil
 
methods have been reported.  Helm (1980) claimed criterion
 
referenced validity and internal consistency for his in­
strument, while Adeniyi (1985) reported an acceptable level
 
of validity for an essay test method.  From clinical inter­
views, Wandersee (1985) reported test validity and a reli­
ability coefficient of 0.62.
 
Four research investigations have included reports on
 
the process of instrumental development.  Bouvens (1987)
 
used factor analysis to categorize test items, and reported
 
acceptable reliability and Pearson r-correlation coeffici­
ents.  Dai (1991) reported acceptable reliability and vali­
dity as well as item discrimination and item difficulty for
 
a test instrument based upon a multiple choice pattern.
 
Haslam and Treagust (1987) established the validity of 13
 
two-tiered items, formulated in consultation with five ex­
perienced secondary biology teachers, two science educa­
tors, and two college biology lecturers.  Moreover, the
 
Cronbach's coefficient alpha, difficulty indices, and dis­
crimination indices were also reported favorably.  Hsiung
 
(1989) constructed a 22-item two-tiered test for physical
 
science and reported that the instrumental had been estab­
lished as reliable, with acceptable difficulty and discrim­
ination indices, but did not report that the validity of
 
the instrument had been determined.  Thus, review of the
 
literature revealed that a valid and reliable two-tiered
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multiple choice test instrument was not available in the
 
field of physics or in the specific subject area of optics.
 
Consideration of Related Variables
 
A number of variables have been investigated for the
 
possible degrees of influence they exercise upon student
 
misconceptions in science.  These variables have been con­
sidered in two basic categories, including classroom or
 
source of misconceptions variables and surroundings vari­
ables.  Classroom variables which have been investigated
 
include textbooks (Barrow, 1990; Cho, Kahle & Nordland,
 
1985; Stepans et al., 1986), instruction (Benbow, 1988;
 
Rogan, 1988; Smith, 1988; Wells, 1988), and instructors
 
(Ivowi & Oludotun, 1987; Nussbaum, 1981).  The surroundings
 
variables include gender, age or grade level, type of
 
school, and home background.
 
Research results for the second category have proved
 
inconsistent.  For example, neither Zerega, Haertel, Tsai,
 
and Walberg (1986), Tobin and Garnett (1987), Lucas (1988)
 
Becker (1989), or Jones (1991) found significant effects
 
for gender in the case of science achievements.  However,
 
Bouvens (1987) found that gender had a significant effect
 
upon misconceptions, but Haslam and Treagust (1987) found
 
that gender had a significant effect upon misconceptions.
 
Za'rour (1975) found that gender had a significant effect
 
upon misconceptions only at the 11th grade level.  The sub­
jects of three types of investigations were high school
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students.  In addition, when Dai (1991) examined the effect
 
of gender upon lunar misconceptions among the elementary
 
school students in Taiwan, she found that gender had no
 
effect upon student misconceptions.  The findings of these
 
studies have resulted in speculation that differences in
 
school levels and subject areas may have been a contributo­
ry cause to different effects by gender.
 
Differences have also been established for grade level
 
Doran (1972), Haslam and Treagust (1987), Wandersee (1987),
 
Dupin & Johsua (1988), and Stavy (1990) observed that stu­
dent age/grade level had effects upon student misconcep­
tions, whereas Westbrook (1988) reported negative effects
 
for grade level.  For the school type variable, Bouvens
 
(1987) and Shepherd and Renner (1982) found that the type
 
of school (i.e., a general high school or a preuniversity
 
high school) had an effect upon misconceptions, whereas Dai
 
(1991) reported there was no significant effect upon lunar
 
misconceptions for student background (i.e., religious or
 
nonreligious).
 
Thai Students and the Educational System
 
The educational system in Thailand consists of pre­
school, elementary, secondary, and higher education levels.
 
Compulsory education is provided for all Thai students from
 
the elementary level through the age of 14 years.  Second­
ary education is divided into lower and upper levels, each
 
consisting of three grades.  Lower secondary consists of
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grades 7-9 and the upper level consists of grade 10-12.
 
Approximately 50 percent of all Thai students, especially
 
students from rural areas or from low income families,
 
elect to leave school at the end of the 9th grade (Chanta­
vanich & Fry, 1981).
 
There are three types of secondary schools in Thai­
land:  schools exclusively for either males or females and
 
coeducational schools.  Although, the educational system
 
and all schools are organized and administered by the Min­
istry of Education, there is significant competition among
 
schools for reason of an entrance exam system.  The number
 
of students that secondary schools qualify for entrance
 
into public universities is considered as a demonstration
 
of school quality.  For the greater part, qualified stu­
dents usually come from the single-sex schools (Chanta­
vanich & Fry, 1981).
 
Physics is the core subject of secondary science pro­
grams, and it has traditionally been difficult for students
 
to demonstrate mastery of the subject to the extent that
 
performance can be used to predict overall examination suc­
cess.  Recently, the number of high school students enrol­
led in science programs who have change enrollment to al­
ternative programs has increased, largely due to the diffi­
culty of successfully completing courses in physics.  A
 
variety of tools or methods to increase students' chances
 
of success in physics have been investigated by Thai sci­
ence educators.  It has been found that science misconcep­18 
tions are among the factors which may have an effect upon
 
students' success in science (Sangsupata, 1984).
 
Summarization of the Theoretical Framework
 
From consideration of the theoretical framework for
 
the present study, the following have been established:
 
1)  Misconceptions in science and in the field of
 
physics have been found to exist among students
 
at all levels through secondary education (Bar,
 
1987; Bouvens, 1987; Brown & Clement, 1987; Dai,
 
1991; Helm, 1980; Ivowi, 1984; Ivowi & Oluotun,
 
1987; McDermott & Goldberg, 1986; Mohapatra,
 
1988; Shepherd & Renner, 1982; Stepans et al.,
 
1986; Smith, 1987; Stavy, 1991).
 
2)  Review of the principles of constructivism sug­
gests that the diagnosis of previous misconcep­
tions prior to the construction of appropriate or
 
new educational concepts will effectively serve
 
to reduce the persistence of misconceptions.
 
3)  Misconceptions can be measured by means of either
 
clinical interviews or paper-pencil testing meth­
ods (Bouvens, 1987; Dai, 1991; Doran, 1972;
 
Fisher, 1985; Griffiths et al., 1988; Haslam &
 
Treagust, 1987; Helm, 1980; Ivowi, 1984; Lawson,
 
1978; Lawson & Weser, 1990; Linke & Venz, 1979;
 
Mohapatra, 1988; Stavy, 1991; Tobin & Capie,
 
1981; Treagust, 1988; Wandersee, 1985).
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4)  The use of two-tiered multiple choice testing 
provides an effective instrument for the measure­
ment of misconceptions among students.  However, 
a valid and reliable instrument has not developed 
for the area of optics in the field of physics 
education (Bouvens, 1987; McDermott & Goldberg, 
1986; Mohapatra, 1988; Watt, 1985). 
5)  Examination of gender, grade level, and type of 
school variables have revealed inconsistent ef­
fects upon student misconceptions.  It has been 
stated that these effects are perhaps dependent 
upon subject area as well as educational level, 
and that further investigation should be conduct­
ed to determine interactions among these factors. 
6)  The structure and traditions of science education 
in Thailand are such that student misconceptions 
are a possible source of student lack of success 
in science programs and declining student enroll­
ments in these programs. 
Significance of the Study
 
The procedures developed for the present study and the
 
results obtained have provided benefits to science educa­
tion in Thailand, as follows:
 
1)	  In science education, it is necessary to develop
 
the means to allow instructors to assess student
 
misconceptions in physics as well as in other
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science disciplines.  Teachers must begin to
 
recognize misconceptions at an early stage since
 
once misconceptions have become fixed in stu­
dents' minds, they have proved difficult to cor­
rect and to change.  This study provides a valid
 
and reliable test for the identification of stu­
dent misconceptions in the area of optics as a
 
field of physics education.
 
2)	  The two-tiered multiple choice test developed for
 
the present study can be applied to assess stu­
dents' prior misconceptions about optics by both
 
inservice and preservice teachers.  Once miscon­
ceptions are diagnosed, teachers will be able to
 
take remedial action to counteract their effects,
 
employing effective instructional techniques
 
based upon the problems identified.
 
3)	  Finally, the present study provides a pattern for
 
the development of a two-tiered multiple choice
 
based upon item analysis procedure.  Development
 
of a valid and reliable instrument supplements
 
materials available for inservice teacher work­
shop programs.  This contribution will encourage
 
the development of new views of science instruc­
tion and of curriculum development in Thailand.
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Statement of the Problem
 
The purpose of the present study is two-fold.  The
 
primary purpose is to develop a valid and a reliable two-

tiered multiple choice test to measure the effects of mis­
conceptions about optics in the field of upper secondary
 
physics education in Thailand.  This instrument will be
 
identified as the "Two-Tiered Optics Misconception Test"
 
(TTOM).  The secondary purpose is to investigate the ef­
fects of a number of variables upon misconception scores,
 
determining whether significant differences existed among
 
the three types of schools from which the study population
 
is selected.
 
Variable Factors
 
For the present study, the following factors were con­
sidered for their effects upon student misconceptions about
 
optics in science education in upper secondary schools in
 
Thailand.
 
Gender
 
Klainin, Fensham, and West (1989), in a study of phys­
ics achievements among high school students, found that
 
female performances exceeded those of males.  These results
 
differed from the findings established in non-Asian coun­
tries.  Due to these findings as well as inconsistent find­
ings for the effect of gender from the previously conducted
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research, gender was investigated to determine its effect
 
upon student misconceptions.
 
Grade Level
 
In his theory of cognitive development, Piaget (1974)
 
stated his belief that cognitive and intellectual changes
 
were the result of a developmental process consisting of a
 
coherent process of successive qualitative changes in cog­
nitive structures, or "schemata," changes to which were de­
rived logically and inevitably from preceding structures.
 
Thus, new schemata do not replace prior schemata, rather
 
they incorporate them into new, qualitative, and cumulative
 
logical changes (Wadsworth, 1979).
 
However, it has been determined that some students re­
main in an earlier stages (e.g., the concrete operational
 
stage) throughout their school years, and even throughout
 
their lives (Woolfolk, 1990).  The first three stages of
 
cognitive development, the sensori-motor intellectual, pre­
operational, and the concrete operational, are forced upon
 
most individuals by physical realities (Neimark, 1975), but
 
the following stage, the formal operational, is not so
 
closely tied to the physical environment.  Neimark specu­
lated that the last stage may be "a refinement of an ad­
vanced culture rather than a necessary condition for sur­
vival"  (p. 556).  Piaget (1974) suggested that most adults
 
may be able to use formal operational thought in only a few
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areas, those in which they have the greatest experience or
 
interest.
 
In this sense, science and mathematics are subjects
 
which are particularly likely to require formal operations,
 
especially in physics area:  The formation and mental test­
ing of hypotheses are important aspects of physics, and
 
neither is free of misconceptions.  Insofar as the stage of
 
cognitive development of students may have an effect upon
 
the existence of misconceptions, grade level (and indirect­
ly, age in years) was examined to determine possible rela­
tionships to misconceptions in the science of optics.
 
Type of School
 
From previously conducted research, conclusions with
 
respect to types of school in relation to misconceptions
 
have been inconsistent.  Therefore, based upon the assump­
tion that enrollment in either male, female or coeducation­
al institutions would have no effect upon misconceptions,
 
type of school was a variable considered for the present
 
study.
 
Methodology of Instrument Development
 
When tests are to be interpreted as measures of se­
lected attributes or qualities that are not operationally
 
apparent, the need to establish construct-related evidence
 
for validity is implied.  This safeguard provides a means
 
to avoid the frustration of relating the data derived to
 24 
each of the criterion considered (Cronbach & Meehl, 1955)
 
as well as a framework for the development of an instru­
ment.  Insofar as this approach to instrumental validity
 
has not been apparent in previously conducted research on
 
the effect of misconceptions in science education, it has
 
been adopted for the construction of the instrument pre­
pared for the present study.
 
The methodology for the establishment of construct-

related evidence for validity consisted of the definition
 
of misconceptions, selection of the knowledge statements to
 
match the definitions, consultations with an expert panel,
 
as well as item analysis to determine internal consistency,
 
determination of known-group differences, and interviews
 
with a random sampling of subjects.
 
Assumptions for the Study
 
From the following assumptions, that:
 
1)  prior misconceptions exist among optics students 
in secondary education in Thailand, 
2)  misconceptions among optics students in secondary 
education in Thailand may be measured by develop­
ment and testing of a reliable and valid two-
tiered multiple choice instrument, 
3)  gender, grade level, and type of school have no 
effect upon the existence of misconceptions among 
optics students in secondary education in Thai­
land, and 25 
4)	  development of a reliable and valid two-tiered
 
multiple choice instrument will provide knowledge
 
that may be used to reduce misconceptions in sci­
ence, as well as contribute to effective teaching
 
and curriculum development in secondary education
 
in Thailand,
 
the present study has been based upon the basic assumption
 
that student achievements are inversely related to levels
 
of misconception.
 
Research Hypotheses
 
For TTOM test scores among optics students in second­
ary education in Thailand, the following null hypotheses
 
will be analyzed:
 
1)  There will be no differences among types of
 
schools (male, female, and coeducational);
 
2)  There will be no differences among schools within
 
types of schools;
 
3)  There will be no differences among subjects for
 
grade level (10th through 12th grades);
 
4)  There will be no interaction effect between grade
 
level and type of school;
 
5)  There will be no interaction effect between grade
 
level and schools within types of schools;
 
6)  There will be no differences among 10th grade
 
subjects for type of school;
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7)  There will be no differences among schools within
 
type for 10th grade subjects;
 
8)  There will be no differences among 11th grade
 
subjects for type of school;
 
9)  There will be no differences among schools within
 
type for 11th grade subjects;
 
10)  There will be no differences among 12th grade
 
subjects for type of school; and
 
11)  There will be no differences among schools within
 
type for 12th grade subjects.
 
12)  There will be no differences for grade level
 
among coeducational schools;
 
13)  There will be no differences for gender among
 
coeducational schools; and
 
14)  There will be no interaction effect for grade
 
level and gender among coeducational schools.
 
Limitations of the Study
 
The present study is limited to:
 
1)  Secondary school science students in Bangkok,
 
Thailand, and
 
2)  Selected misconceptions within the secondary
 
school physics curriculum in Bangkok, Thailand.
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Definition of Terms
 
The following definitions are relevant to the present
 
study.  Other terms or phrases used in this report are con­
sidered to be self-explanatory.
 
High academic achievement students:  Students enrolled
 
in 12th grade science programs, each of whom have
 
achieved grade point averages above 3.5 (A=4.0).
 
High school students:  Thai secondary school students
 
attending grades 10 through 12 who are enrolled
 
in science programs.
 
Low academic achievement students:  Students enrolled
 
in 12th grade non-science programs, each of whom
 
have achieved grade point averages between 2.00
 
and 2.75 (A=4.0).
 
Misconception:  Individual conceptualizations of a
 
problem or phenomenon that are self-evidently
 
reasonable, but which differ from expert concep­
tualization within the field from which the prob­
lem is derived (Narode, 1987).
 
Physics misconceptions:  Misconceptions related to
 
knowledge of optics composition and the structure
 
of phenomena.
 
Schools within a type:  Individual schools within each
 
type, including four coeducational schools, and
 
two each exclusively male and female schools.
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Two-tiered multiple choice test:  Multiple choice test
 
format consisting of problems and a list of sug­
gested solutions based upon two tiers.  The first
 
tier consists of choices of multiple choice re­
sponses in relation to individual questions; the
 
second tier consists of multiple choice explana­
tions of responses provided in the first tier
 
(Treagust, 1988).
 
Types of schools:  Either exclusively male or female
 
schools or a coeducational school.
 
Organization of the Study
 
This study is presented in four additional chapters.
 
Chapter 2 includes a review of the literature and the
 
methodologies for the develop of the instrument and proce­
dures for testing the hypotheses are summarized in Chap­
ter 3.  Chapter 4 summarizes the gathered data, and pres­
ents the results of data analyses.  Chapter 5 concludes
 
study with a summary, discussion of the results, conclu­
sions, and recommendations for practice use of the instru­
ment and future study.
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CHAPTER 2
 
LITERATURE REVIEW
 
The purpose of this chapter is to review the litera­
ture pertaining to:  1) physics misconceptions among stu­
dent subjects, 2) misconceptions specific to the study of
 
optics, 3) other research related to the present investiga­
tion,  4) development of measurement instruments, and 5)
 
test validation.
 
Physics Misconceptions Among Students
 
Za'rour (1975) investigated science factual misconcep­
tions among selected groups of students in Beirut, Lebanon.
 
The subjects were 1,444 9th and 11th grade students and
 
university students, including 130 American 11th grade stu­
dents from the American Community School, a part of the
 
Lebanese educational system.  A 40-item multiple choice
 
test, for which reliability was not reported, was developed
 
and administered, composed equally of questions from the
 
physics area and a distribution among the earth and space
 
sciences.
 
For physics results reported, distractors, selected by
 
percentages greater than the expected (at the .05 level of
 
significance) chance scores for each class, were labeled
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misconceptions and t-tests were used to test for signifi­
cance.  A Pearson's r was calculated between test scores
 
for correct test responses and the science grades of the
 
secondary students and verbal and quantitative scores for
 
the Scholastic Aptitude Test (SAT) of 11th grade subjects
 
from the American Community School.  By these means, 20
 
distractors were labeled misconceptions (Za'rour, 1975).
 
Between the ninth grade subjects and the university
 
group, there was a significant decrease in nine cases, an
 
increase in one case (i.e., the weight of an object at the
 
North Pole when compared to its weight at the equator is
 
smaller), and no significant change in the remaining 10
 
items.  The female held more misconceptions with percent­
ages significantly higher than those of the males only at
 
the 11th grade level, but there was little difference by
 
gender for either the 9th grade and university subjects.
 
There was no significant difference between types of
 
schools (the American Community School and Lebanese
 
schools), through different items were misconceptualized in
 
each group.  It was concluded that those differences could
 
have been due to cultural differences and/or the use of
 
different curricula and methods of teaching.  The correla­
tion coefficient between correct response scores and
 
science grades were .51 for one school and .27 for the
 
other, and the verbal and SAT scores were .41 and .68,
 
respectively  ( Za'rour, 1975).
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Helm (1980) conducted research on misconceptions in
 
physics, sampling 460 South African physics students at
 
levels 9 and 10, and 65 science and mathematics teachers.
 
The instrument was a 20-item misconception test based upon
 
multiple choice questions with four alternatives, as modi­
fied from an original test developed in 1975, and for which
 
validity, criterion reference, and internal consistency
 
were indicated.  Results were expressed as percentages for
 
the analysis of groups selecting particular options.  From
 
the test results, it was apparent that physics misconcep­
tions were widespread among both South African students and
 
teachers.
 
Shepherd and Renner (1982) measured understanding of
 
concepts of matter and density in elementary schools placed
 
in either middle or junior high schools.  Subjects con­
sisted of 74 and 61 students from, respectively, the 10th
 
and 12th grades in three Oklahoma schools enrolled in Eng­
lish classes.  The essay format instruments used were de­
signed to evaluate the degree to which responses (i.e.,
 
"sound understanding") could be related to textbook ans­
wers.  The acknowledged weaknesses of this format included:
 
1) the abstraction of key response ideas for evaluation
 
against prototype answers derived from approved textbooks,
 
and 2) an insufficient number of subjects.
 
Evidence was not presented that the two samples were
 
similar with regard to other relevant variables.  Although
 
this research pattern reflected a number of errors, the re­32 
ported results indicated that understanding of the two con­
cepts tested has not been improved by schooling.  From
 
these results, it was inferred that misconceptions tend to
 
persist, supporting the assumption that what schools think
 
they are teaching students is not necessarily what is being
 
learned (Shepherd & Renner, 1982).
 
Osborne and Cosgrove (1983) investigated conceptions
 
of the changes of states of matter among subjects ranging
 
from 7 to 17 years of age in coeducational and single-sex
 
schools.  Test procedures were based upon individual inter­
views and completion of a test instrument, wherein the
 
results of the interviews were used to construct a paper­
and-pencil survey.  Interviews were conducted by an "inter­
view-about-events" method and were taped.  How the paper­
and-pencil test was developed and its reliability were not
 
reported, in addition to which information on how the tapes
 
were analyzed was not presented.
 
Survey data were collected from tests administered to
 
725 subjects and were summarized in graphic form.  Each
 
point of view was plotted by percentage of responses and
 
the age of subjects.  Findings revealed that older students
 
held views similar to those of younger students.  Although
 
views tended to change with age, some nonscientific ideas
 
were more popular among older subjects than among younger
 
subjects.  In addition, it was determined that the subjects
 
brought strongly held views into science classes, which
 
views could either remain uninfluenced or could be influ­33 
enced in unanticipated ways by science teaching (Osborne &
 
Cosgrove, 1983).
 
Ivowi (1984) conducted an investigation similar to
 
that reported by Helm (1980), in this case among Nigerian
 
secondary school students aged 15-17 years and physics
 
teachers in eight secondary schools.  Selected multiple
 
choice items (12) were modified from those of Helm, and the
 
addition of new options was adjusted to the required format
 
(i.e., the Ivowi test used five options, compared to four
 
choices in the Helm test).  Chi-square analysis was used to
 
present selection frequency of particular options among
 
both students and teachers, using a t-test to determine sta­
tistical differences.  The results obtained from the admin­
istration of both 20-item tests were similar, from which it
 
was apparent that physics misconceptions were as widespread
 
among Nigerian secondary school students as they had been
 
among previously tested South African students.
 
Halloun and Hestenes (1985a) examined common sense con­
cepts of motion among college students enrolled in physics
 
courses.  A multiple choice mechanics diagnostic test was
 
administered and interviews were conducted with a sample of
 
22 subjects within one month following administration of
 
the tests.  The test, consisting of questions readily clas­
sified as characteristic of either Aristotelian, Impetus,
 
or Newtonian theories, was administered to 478 subjects
 
enrolled in university physics classes at the beginning and
 
at the end of the semester.
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Comparison of pretest and posttest results indicated
 
that some beliefs were decreased, while others were consis­
tently held.  Interviews with the sample of 22 subjects,
 
accompanied by classroom demonstrations, were used to probe
 
common sense beliefs more deeply.  From interview results,
 
it was apparent that the demonstrations had no more effect
 
upon subjects' opinions than standard discussions of phe­
nomena.  It was suggested that demonstrations would not be
 
effective unless performed in a context that elicited and
 
helped to resolve conflicts between common sense and spe­
cific scientific concepts.  After sustained discussions,
 
subjects who had demonstrated obstinately incorrect beliefs
 
were generally able to admit error as the inconsistency of
 
their thinking was brought to their attention when they
 
were asked to reflect on their own arguments (Halloun &
 
Hestenses, 1985a).
 
Halloun and Hestenses (1985b) also surveyed the ini­
tial knowledge state of college physics students, using two
 
multiple choice test.  For pretest procedures, a physics
 
diagnostic test was used to assess student qualitative con­
cepts of common physical phenomena and to identify common
 
misconceptions, whereas a mathematics diagnostic test was
 
used to the student's mathematical skills.  The mechanics
 
(physics) diagnostic test, devised from a written-answer
 
version, was used as a posttest to measure the effect of
 
instruction.
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The test development procedures were subject to the
 
judgment of physics professors and graduate students (the
 
total numbers were not reported).  The test, as based upon
 
interviews with 22 introductory physics students and obser­
vation of the answers of 31 students who received "A"
 
grades in university physics, was administered to 11 gradu­
ate students to determine correct answers.  By Kuder-Rich­
ardson coefficients, the reliability of the mechanics test
 
was 0.86 for the pretest and 0.89 for the posttest (Halloun
 
& Hestenses, 1985b).
 
The mathematics diagnostics test was revised from a
 
written test of the first version and was judged by experi­
enced physics instructors.  Test reliability, without com­
ment on the number of items or how the expert advice was
 
used, was reported at 0.86 by the Kuder-Richardson formula.
 
Results indicated that subjects' initial knowledge had a
 
large effect upon performance in physics, but that conven­
tional instruction procedures provided only comparatively
 
small improvements in basic knowledge.  Low physics test
 
scores did not mean that basic concepts of Newtonian phys­
ics were missing, but that alternatives misconceptions
 
about mechanics were firmly in place.  It was stated that
 
if misconceptions were not corrected early in the course,
 
students would not only fail to understand much of the ma­
terial, but would also be likely to dress up existing mis­
conceptions in scientific jargon while providing the false
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impression that something had been learned about science
 
(Halloun & Hestenses, 1985b).
 
Maloney (1986) sought to identify student problem-

solving strategies for the evaluation of the effectiveness
 
of a physics course in correcting erroneous strategies.
 
Physics-current in a series circuit was used as the basis
 
of study.  Subjects, not identified by number, consisted of
 
sophomores and juniors in college enrolled in algebra-based
 
general physics.  The researcher assessed student problem-

solving strategies by means of a single ranking task and a
 
task set consisting of 24 items, for which reliability was
 
not reported.  For the single task, subjects were requested
 
to rank six simple series circuits.  The specific resis­
tance values of the circuit components were selected so
 
that subject choices of a particular circuit ranking would
 
reflect specific problem-solving strategies.  Moreover,
 
subjects were asked to explain their reasoning for solution
 
of both the ranking task and the task set.  Task perfor­
mances were based upon both pre- and post-instruction.  Re­
sults were reported in percentages, and it was found that
 
more than half of the subjects used strategies that focused
 
upon solutions based upon scientific misconceptions.  How­
ever, the failure to access reliability for the test left
 
even these results in doubt.
 
Brown and Clement (1987) used a multiple choice diag­
nostic test to determine misconceptions about Newton's
 
third Law among 50 subjects from two high schools.  The
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test was designed to appear as a rating scale, and was ad­
ministered at the beginning of the year following instruc­
tion in mechanics.  Instructors were not made aware of test
 
contents since the subjects were asked to rate how confi­
dent they were in their answers.  Options included a blind
 
guess, not very confident, fairly confident, and completely
 
confident.  The process of instrumental development and
 
scoring were not reported.
 
Results, expressed as percentages, indicated that high
 
school students entered physics class with preconceptions
 
in the area of Newton's third law.  These preconceptions
 
were not only persistent, but were also determined to be
 
difficult to overcome by administration of traditional in­
structional techniques.  The persistence of preconceptions
 
may have resulted from the subjects' generally naive view
 
of force as a property of a single object, rather than as a
 
relation between objects.  Since the number of subjects for
 
this study was small, no generalized conclusions were pro­
vided (Brown & Clement, 1987).
 
Treagust (1987) administered a multiple choice test to
 
measure student misconceptions among students of chemistry,
 
biology, and physics.  The subjects were 243 chemistry stu­
dents from the 11th and 12th grades, 441 biology students
 
from the 8th through 10th grades, and 113 physics students
 
from the 10th grade.  The instrument was designed as a two-

tiered multiple choice test, the first tier based upon pro­
positional statements answered by multiple choice options.
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For the second tier, subjects were asked to select an op­
tion for their first tier option from a multiple choice
 
list of reasons.  It was reported that the instrument was
 
validated by subject matter experts and educators, but
 
reliability results were not indicated.  Findings indicated
 
that two-tiered multiple choice tests could be used to de­
termine student misconceptions, but that this information
 
could not be adapted easily by classroom practitioners.
 
Finegold and Tamir (1990) investigated physics curric­
ula in Israel, as sponsored by the International Associa­
tion for Educational Evaluation (IEA).  Subjects from the
 
9th and 12th grades were administered the International
 
Test for Assessment of Achievement.  Results were reported
 
as percentages of correct and incorrect answers, and demon­
strated that subjects, even at the university level, re­
flected misconceptions that tended to diminish as the sub­
jects increased in age.
 
Misconceptions About Optics
 
McDermott and Goldberg (1986) examined problems in
 
understanding image formation from plane mirrors to deter­
mine the extent to which students connected formal concepts
 
to real world phenomena.  Individual demonstration inter­
views were used since the purpose was to determine student
 
thought patterns.  The instrument consisted of a set of
 
four tasks, performance of which required subjects to pre­
dict how images were perceived under different circumstanc­39 
es, and then to provide explanations for their predictions.
 
The subjects were students enrolled in introductory physics
 
classes at the University of Washington, one-half of whom
 
(i.e., 30) were interviewed prior to the start of a geome­
trical optics course and the remaining half interviewed
 
following completion of a geometrical optics course.
 
Doubt about the accuracy of the findings was expressed
 
insofar as two subjects were not examined for similarities,
 
and reasons were not provided why only one-half of the sub­
jects were interviewed.  To examine the consistency of ans­
wers, group demonstration questionnaires were administered
 
to an entire class (n=172) prior to start of the course.
 
The number of items and the questionnaire format (i.e.,
 
rating scale or multiple choice) was not reported.  Results
 
revealed that the pattern of responses to the question­
naires and interviews were nearly identical.  It was con­
cluded that the use of individual demonstration interviews
 
allowed the identification and the description of several
 
of the problems students encountered (McDermott & Goldberg,
 
1986)  .
 
In the Netherlands, Bouvens (1987) administered a
 
multiple choice test in a format similar to that of rating
 
scales, investigating misconceptions regarding geometrical
 
optics.  In the pilot study, previous studies, interviews
 
with preuniversity students, and the historical development
 
of optics were examined.  This experience was used to iden­
tify misconceptions for the development of the question­40 
naire.  The 42 test items were designed for a five-point
 
scale, and subjects were asked to determine right and wrong
 
answers.  Factor analysis was used to categorize the items.
 
Five variables, including school year, school type,
 
gender, age, and curriculum, were investigated.  Signifi­
cant differences in subject misconceptions were determined
 
by t-test (reliability = 0.79).  Subjects consisted of 639
 
pupils from five schools, including general and preuniver­
sity high school students.  Results indicated the existence
 
of misconceptions among subjects from both the general and
 
preuniversity high schools for vision, interactions with
 
surfaces, and image formation.  There were no significant
 
differences in the number of misconceptions by gender,
 
rather the number of misconceptions was determined to be
 
dependent upon the type of school and the number of years
 
that the subjects had studied in school.  It was also de­
termined that misconceptions were not related to age group,
 
and that improvement in the understanding of geometrical
 
optics was due to educational effects and not to the higher
 
abstraction level abilities of older students (Bouvens,
 
1987)  .
 
Mohapatra (1988) studied generative causation of mis­
conception "Induced Incorrect Generalization" (IIG) in
 
Indian schools, based upon a qualitative design.  It was
 
hypothesized that if the IIG phenomenon affected a group
 
simultaneously, it would contribute to group misconcep­
tions.  Research was focused on science classroom teaching.
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Since the study format required students who had completed
 
10 years of school, 200 students in grades 11 and 12 be­
tween the ages 15 to 16 years were selected as subjects.
 
The formal concept tested involved the second law of light
 
reflection and was based upon personal interview methods.
 
Conversations with subjects were recorded and analyzed.  It
 
was observed that the student learning was based upon in­
correct generalizations which could differ significantly
 
from formal concepts.  However, it was also determined that
 
the IIG process was a possible cause of group misconception
 
among students.
 
Watts (1985) studied concepts of light by the use of a
 
case study.  A subjects was a fourth year, single-sex, com­
prehensive school student in London enrolled in 0-level
 
physics.  From interviews, the subject was unsure whether
 
light was entirely a single composite.  Waves were used to
 
indicate the manner in which a strand might undulate as it
 
threaded along a lengthy rope.  To explain certain effects,
 
subjects described light in such different forms as natu­
ral, electric, ultraviolet, or radioactive light.
 
Threads of light were separated from beams to provide
 
different types of colored light.  Natural light was an ex­
pression that covered sunlight, daylight, and candlelight;
 
artificial light was reserved for sources clearly identi­
fiable as man-made.  Images, described as being on a mir­
ror, rather than behind it or anywhere else, could be seen
 
even in dark rooms when observers were close to the mirror.
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The researcher commented that experiment performance led
 
not only to the discovery of laws, it also provided prac­
tical activities that fostered discussion and challenge,
 
allowing students to reach some resolution of discrepancies
 
on their own.
 
Other Research Related to Misconceptions
 
Research related to misconceptions included investiga­
tions as follows:  sources of misconception (Barrow, 1990;
 
Ivowi & Oludotun, 1987); effect of test format on miscon­
ceptions (Bar, 1987); teachers and student teachers (Ameh &
 
Gunstone, 1988; Nussbaum, 1981; Smith, 1987); teaching
 
strategies for reduction of misconceptions (Idar & Ganiel,
 
1985); and effect of sex differences in science learning
 
(Al Methan & Wilkinson, 1988; Kelly, 1987; Klainin et al.,
 
1989; Zerega et al., 1986).
 
Ivowi and Oludotun (1987) investigated sources of mis­
conceptions in physics, designing an open-ended essay in­
strument consisting of problem descriptions and tasks per­
formed by students.  The problems covered motion, conserva­
tion principles, and fields.  Subjects were six physics
 
students from 17 to 19 years of age drawn from 12 secondary
 
schools.  Validity and reliability were as established from
 
a previous study.  One problem consisted of two tasks,
 
wherein odd-numbered tasks sought the same information by
 
answer and explanation and even-numbered tasks consisted of
 
the sources of information.
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The Chi-square statistic was used to determine sig­
nificant differences among possible sources, the results
 
indicating that the most probable source of misconception
 
was textbooks, followed by personal experience/intuition,
 
and teachers.  The influence of peers, other books, or
 
instructional television/general television programs was
 
found to be minimal.  Moreover, it was determined that
 
students who came from home backgrounds devoid of educa­
tional toys had limited experience with the scientific and
 
technological world.  Those students depended upon school
 
teaching and very limited laboratory facilities.  Under
 
these types of conditions, proper understanding of concepts
 
of physics may be impaired, giving rise to prevalent mis­
conceptions (Ivowi & Oludotun, 1987).
 
Barrow (1990) confirmed the findings of Ivowi and Olu­
dotun (1987), investigating misconceptions about magnets in
 
elementary science textbooks.  A list of eight magnet con­
cepts for grades K-6, as validated by a panel of three sci­
ence educators and two physicists, was used as a core.  In­
terviews were conducted with 78 elementary students to as­
certain their knowledge of magnets, then 10 textbook series
 
were searched.  Results indicated that a lack of consisten­
cy in the definition of poles existed in various textbook
 
series.  It was observed that it was possible to understand
 
that elementary students may fail to see the value of stu­
dying standard magnets when ceramic magnets were those with
 
which they were most familiar.  It was recommended that
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teachers be made aware of student concepts in contrast to
 
the presentation of the same concepts in textbooks (Barrow,
 
1990)  .
 
Bar (1987) examined the effect of three kinds of tests
 
on misconceptions, including 1) an individual oral test,
 
2)  a multi-choice test, and 3) an open-ended test.  Two
 
topics, evaporation and condensation, were chosen for exami­
nation among 83 students ranging in age from 5 to 12 years.
 
The same number of students, aged 10 to 14 years, were
 
chosen for five multi-choice tests.  For the open-ended
 
test, 240 students aged 10 to 14 years were examined.  Val­
idity and reliability were not reported for any of the
 
tests.  Results indicated that the testing format provided
 
a significant but not conclusive effect since the subjects
 
in each group were so markedly different.  Moreover, it was
 
determined that there was insufficient reason to conclude
 
that the multi-choice test could be used to measure miscon­
ceptions more effectively than either the open-ended test
 
or the oral test.
 
Recently, researchers have focused upon the content
 
and structure of subject matter knowledge among teachers
 
and its uses in teaching.  Nussbaum (1981) investigated
 
misconceptions among student teachers trained in science
 
curricula.  Subjects included majors in biology (n=52),
 
chemistry (n=31), and graduate students (n=11) in science
 
education in Israel.  The instrument consisted paired con­
trasting explanations of given physical phenomena.  It was
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stated that the instrument was constructed from the results
 
of an investigation previously completed by the researcher.
 
Subjects were given a worksheet in which they were
 
asked to read and respond to student responses.  Each stu­
dent teacher reported oral responses to each task.  The re­
sults indicated considerable variance in analyses of stu­
dent explanations, both within and between the three groups
 
tested.  Identified misconceptions included the tendency of
 
students to relate animism to dynamic physical phenomena.
 
Biology student teachers showed lower misconceptions for
 
science laws as separate from nature.  In addition, student
 
teachers provided general remarks about student responses,
 
rather than remarks which provided interpretive quality
 
(Nussbaum, 1981).
 
In a related study, Smith (1987) found that teachers
 
often expressed certain misconceptions of their own, and
 
had difficulty in understanding student misconceptions,
 
especially among pupils from the elementary grades.  The
 
misconceptions expressed by teachers were also examined by
 
Ameh and Gunstone (1988), based upon a study of Nigerian
 
science teachers.  The research assumption was that teach­
ers had an understanding of concepts which was congruent
 
with the views of science.  The purpose of the study was to
 
explore the validity of assumptions about the nature of
 
understanding among high school teachers.  Teachers (N=251)
 
were given a written test on concepts they regularly
 
taught, and 45 of the subjects were interviewed following
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the test.  The validity and reliability, however, of the
 
instrument was not reported.  The study concluded that
 
teachers exhibited the same range of misconception as stu­
dents.  However, teachers tended to use more sophistica­
ted terminology and had a generally lower frequency of mis­
conceptions.
 
Within the context of an introductory physics course
 
in Israeli high schools, Idar and Ganiel (1985) examined
 
serious learning difficulties in physics.  Following a de­
tailed task analysis, the cognitive entry requirements for
 
the course were identified.  Based upon this information, a
 
remedial teaching method was developed, consisting of sup­
plying students with immediate and frequent feedback to
 
reinforce understanding, correct misunderstanding, and to
 
fill in gaps in necessary background skills.  The whole
 
process took place within the classroom setting.  While
 
they were not statistically significant, the results did
 
indicate that background had an effect upon the ability to
 
learn physics principles.
 
Zerega et al.  (1986) studied the effect of sex differ­
ences in science learning.  The subjects were 304 adoles­
cent students in Denver, Colorado, each administered a gen­
eral science multiple choice achievement test.  Data were
 
examined by three-way analysis of variance, and results
 
indicated that at an early adolescent level, there were no
 
significant sex differences in science achievement; that
 
is, females performed as well as males.  However, four
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years later, in late adolescence, female achievement levels
 
were significantly lower than those for the males.  It was
 
concluded that the high school years, between the ages of
 
13 to 17, had an important differential effect.  Tobin and
 
Garnett (1987) also studied gender differences in general
 
science.  Their findings were similar to those obtained by
 
Zerega et al. in that the mean scores for male achievement
 
tests were higher than those for females.  However, it was
 
also concluded that this difference was not statistically
 
significant.
 
Findings from research studies conducted in Kuwait and
 
Thailand have resulted in findings contradictory to those
 
from similar studies in western countries.  Al Methen and
 
Wilkinson (1988) focused on science and mathematics
 
achievement among Kuwaiti students and found that females
 
scored significantly higher than males for all science
 
subjects.  However, it was observed that these results may
 
have been due more to sociological than to biological fac­
tors.
 
In Thailand, Klainin et al.  (1989) tracked male and
 
female achievements in physics and chemistry from grades 10
 
through grade 12.  The studies were conducted in six gov­
ernment schools in Bangkok, including both coeducational
 
and single-sex schools.  Laboratory skills examined includ­
ed problem solving, theoretical knowledge, and scientific
 
attitudes.  Two-way analyses of variance for gender by
 
grade level were used to determine the gender main effect
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and the interaction terms for both chemistry and physics.
 
Results indicated that female performance exceeded male
 
performance in laboratory skills and problem solving, as
 
well as in theoretical chemistry.  However, this relation­
ship was not consistent throughout the three periods exam­
ined.  Moreover, in the area of theoretical physics knowl­
edge, there was no difference between males and females.
 
Kelly (1987), directing attention at the issue of
 
gender and science knowledge, provided at least a partial
 
explanation for findings such as those obtained by Al
 
Methen and Wilkinson (1988) and Klainin et al.  (1989):
 
Girls at a similar stage of development tend to
 
avoid science because it is not a conventional
 
choice.  Girls who do choose science are likely
 
to be more emotionally mature, and have consider­
able self-knowledge which helps them to sustain
 
unusual choices.
 
Development of Measurement Instruments
 
Za'rour (1975) developed a 40-item multiple choice
 
test to identify misconceptions among Lebanese students.
 
The instrument was based upon a review of previous studies,
 
interviews with teachers, and the reseacher's teaching ex­
perience.  Two tests with 64 items in multiple choice,
 
true-false and open-ended formats were piloted.
 
Options for multiple choice items were retained to the
 
degree they provided distractors that proved more attrac­
tive from the pilot study results than the correct answers.
 
The concepts of true-false and open-ended questions were
 49 
retained if the majority of subjects responded correctly.
 
Distractors which did not prove attractive were replaced
 
and erroneous responses to the open-ended questions were
 
transformed into distractors for the multiple choice ques­
tions.  A new version of the tests was tested to check its
 
language and construction.  Final modification resulted in
 
a 40-item multiple choice test, each with four alterna­
tives, including 120 distractors of which 12 were "none of
 
these" and "impossible to tell" options.  About 20 items
 
were concerned with physics (Za'rour, 1975).
 
Tobin and Capie (1981) developed the Test of Logical
 
Thinking (TOLT) by selecting 10 items previously reported
 
by Lawson (1978) and Lawson et al.  (1979) in an initial
 
version of the TOLT.  It was claimed that this procedure
 
assured that the TOLT would contain items that had been
 
previously reported as valid measures of formal reasoning
 
ability.  Two items were selected to measure five modes of
 
formal reasoning, including controlling variables, propor­
tional reasoning, probabilistic reasoning, correlational
 
reasoning, and combinatorial reasoning.
 
The test was presented in a multiple justification
 
format (subjects selected correct responses from a number
 
of alternatives and provided written justifications for
 
their selections), but the number of subjects was not re­
ported.  Reliability was high (.74), but several factors
 
served to reduce validity.  Among these factors, subjects
 
were unable to formulate clear written justifications for
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selecting particular responses, and rescoring the responses
 
suggested a number of scoring inconsistencies.  Thus, the
 
initial version was modified to a revised test so that mul­
tiple justifications were provided as well as multiple sol­
utions for each problem.  In the revised version, correct
 
solutions required selection of correct responses and most
 
appropriate response justification.  Moreover, the revised
 
test also utilized a colored video-tape to present the con­
text for each problem (Tobin & Capie, 1981).
 
Halloun and Hestenes (1985b) reported procedures for
 
developing a mechanics test, using four different methods.
 
First, early versions of the test were examined by a number
 
of physics professors and graduate students, suggestions
 
from whom were incorporated into the final version.  Sec­
ond, the test was administered to a group of graduate stu­
dents to determine their agreement with the correct answers
 
to each question.  Third, interviews with physics students
 
who had taken the test demonstrated that the questions and
 
alternative responses were understood.  Fourth, the answers
 
of students who had received grades of "A" in the physics
 
class in which the test was administered were scrutinized
 
for evidence of common misunderstandings which could be
 
attributed to question formulation.  None were found.
 
The reliability of the mechanics test was established
 
through interviews and by a statistical analysis of test
 
results (test-retest effect, determined by the Kuder-

Richardson formula).  Interviews established that student
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answers reflected stable beliefs rather than tentative,
 
random, or flippant responses.  In addition, the possi­
bility of relevant test-retest effects was eliminated by
 
two procedures.  First, the posttest results of one group
 
of students who had not taken the pretest was compared to
 
those of a larger group in the same class who had taken the
 
pretest.  Means and standard deviations for both groups
 
were nearly identical.  Second, a group of students was
 
given the posttest shortly after midterm and again at the
 
end of the semester.  Mean test scores and standard devia­
tions for this group differed.  This change in score demon­
strated the improvement between pretest and posttest scores
 
that could have been anticipated (Halloun & Hestenes,
 
1985) .
 
Treagust (1988) used a 10-step process to develop a
 
diagnostic two-tiered multiple choice instrument.  The
 
first four steps defined the content, and steps five to
 
seven obtained information about student misconceptions.
 
The final three steps involved development of the diagnos­
tic test.  These 10 steps for instrument development were
 
as follows:
 
1)  Identify propositional knowledge statements, as 
described by Finley and Stewart (1982). 
2)  Develop a concept map, as described by Novak 
(1980) . 
3)  Relate propositional knowledge to the concept 
map.
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4)  Validate the content by science educators,  sec­
ondary science teachers and science specialists 
with a thorough knowledge of the subject matter. 
5)  Examine related literature. 
6)  Conduct unstructured student interviews. 
7)  Develop multiple choice content items with free 
response. 
8)  Develop the two-tiered diagnostic tests.  The 
test was developed from the multiple choice items 
with a design comparable to the format estab­
lished by Tobin and Capie (1981).  The first part 
of each item on the test was a multiple choice 
content question with either two or three 
choices.  The second part of each question con­
tained a set of four possible reasons for the 
answer given to the first part.  The reasons 
consisted of the correct answer and any identi­
fied misconception or misconceptions, together 
with a simple wrong answer, if needed.  The sec­
ond part of each item was developed from the stu­
dent responses to reasons given for each open re­
sponse question as well as information gathered 
from interviews and the literature. 
9)  Design a specification grid to ensure that the 
diagnostic test covers the propositional knowl­
edge statements and concepts from the concept 
map.
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10)  Continue refinements with different classes to
 
ensure that the test as a whole can be used for
 
diagnosing student misconceptions in the topic
 
under examination.
 
Dai (1991) developed a test using procedures consist­
ing of try-out testing, first draft, second draft pilot
 
studies, and final refinement.  The process of test devel­
opment started with the identification of various lunar
 
concepts from a review of the literature and from discus­
sions with teachers and students on the topic of the moon.
 
These sources served as the raw material for the construc­
tion of a try-out draft.  The test format combined an open-

ended with a multiple choice justification test based upon
 
26 items.  After sample testing, responses and comments
 
were evaluated and used to construct the first draft.
 
The first draft was derived, modified and expanded
 
from the try-out test.  Non-pictorial questions were in­
cluded in most of the items.  Each item had one correct
 
response and two distractors, one of which was a misconcep­
tion and the other an equally plausible distractor.  The
 
findings from the item analysis of the first draft were
 
used for the revision of test items (Dai, 1991).
 
The second draft (pilot study) was accomplished from
 
revision of the first draft.  There were 33 items with four
 
alternatives choices for each item.  Data collected from
 
the pilot study was computed.  Indices of item difficulty
 
and discrimination were used to justify the suitability of
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each item.  Finally, final refinement resulted in a 20-item
 
multiple choice test in a format consisting mostly of pic­
torial items.  Content and construct-related evidence of
 
validity were used for test validation, the latter estab­
lished by submitting draft items to a panel of five ex­
perts.  The panel of experts judged the test items to
 
determine that underlying concepts were adequately identi­
fied and were free of mechanical deficiencies.  Dai (1991)
 
reported that construct-related evidence of validity was
 
evaluated by using an interview-about-events approach.
 
Test Validation
 
Validity is the most important consideration in test
 
evaluation.  Test validation is the process of accumulating
 
evidence to support such an inference (American Psychologi­
cal Association [APA], 1974).  Construct validation is im­
portant for all types of psychological tests, including
 
those for aptitude, achievement, or other interests.  Con-

struct-related evidence for validity must be investigated
 
whenever other acceptable criterion or content universe
 
cannot be accepted in their entirety (Cronbach & Meehl,
 
1955).  The term "construct" refers to something that can­
not be observed, but is rather constructed by the inves­
tigator to characterize and summarize regularities in
 
individual behaviors (Mitzel, 1982).
 
Evidence for the construct interpretation of a test
 
may be obtained from a variety of sources, and has been
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characterized from Cronbach and Meehl (1955), Mitzel
 
(1982), and the APA (1974) as follows:
 
1)  Intercorrelation among items and factor analysis 
may be used to support the assertion that a test 
measures primarily a single construct. 
2)  Group differences.  A construct theory often sug­
gests that certain groups should score high or 
low on a measure.  By administering a test to two 
differing groups, the investigator should be able 
to determine whether scale predictions are con­
sistent with expectations.  Results in accordance 
with expectations contribute to the construct 
validation of the measure. 
3)  Evidence derived from analysis of individual re­
sponses can yield hypotheses that enrich the 
definition of a construct. 
4)  Internal structure.  For many constructs, within 
test evidence of homogeneity is relevant for judg­
ing validity.  Item-test correlation and certain 
reliability formulas describe internal consis­
tency, thus contributing to construct-related 
evidence for validity. 
5)  The stability of test scores may be relevant to 
construct validation.  Whether a high degree of 
stability is encouraging or discouraging for the 
proposed interpretation is dependent upon the 
theory defining the construct.
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6)  To observe the performance process is a means to 
informally determine which sources account for 
test variability, thus providing evidence for 
construct validation. 
7)  Theories about the effects of particular con­
structs may suggest that the construct or the 
expression of it could be modified by some in­
tervention.  Performance under the different 
conditions may be expected to vary markedly. 
8)  Evidence from content and criterion-related evi­
dence validation studies contribute to construct 
interpretations. 
However, the manner in which the instrument is devel­
oped can be used to contribute to the construct validation
 
of the measure.  For the present study, this consisted of
 
the method of test construction, including definitions of
 
misconceptions, selection of the knowledge statements to
 
match the definitions, consultation with experts as well as
 
demonstration of internal consistency, and item analysis.
 
Validation of a particular test usually requires the
 
integration of evidence (APA, 1974).  Typically, there is
 
no single acceptable criterion measure against which con­
struct validity may be measured (Mitzel et al., 1982).
 
However, Cronbach and Meehl (1955) have stated that no test
 
developer could present validity for all possible
 
criterion, nor could any test developer run all of the
 
possible experimental tests of a proposed interpretation.
 57 
However, this recommendation is more subtle in nature than
 
the simple statement that a lot of validation is better
 
than a little.  The choice of which of one or more
 
approaches to use to gather evidence for the interpretation
 
of constructs is dependent upon the specific validation
 
problem, and the extent to which validation has been
 
focused upon construct meaning (APA, 1974).
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CHAPTER 3
 
METHODOLOGY
 
This chapter is presented in three principal sections.
 
The first section summarizes the procedures for development
 
of a valid and a reliable two-tiered multiple choice test
 
for the measurement of misconceptions about optics among
 
Thai high school physics students.  The second section dis­
cusses the selection of the subjects, and the final section
 
presents a summary of procedures for administering the
 
instrument and testing the hypotheses, including consider­
ation of the methods of data analysis.
 
Development of the Survey Instrument
 
An instrument, the Two-Tiered Optics Misconception
 
Test (TTOM), was constructed and developed for use in
 
secondary education physics classes in Thailand.  Items
 
were derived from a review of the literature and from in­
terviews with selected science educators, secondary and
 
university level physics instructors, and a random sampling
 
of high school science students.  The procedure for the
 
development of the TTOM consisted of (1) the development of
 
an open-ended test and (2) the development of the Two-

Tiered Optics Misconception Test.
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Development of an Open-Ended Test
 
The process of test development was initiated with the
 
identification of varied interpretations of the principles
 
of optics, based upon science curriculum in use in Thailand
 
(Ministry of Education, 1989).  This was performed through
 
a review of the literature, and interviews with four Thai
 
high school science students (from grades 10-12) and four
 
physics teachers.  Each teacher was asked such questions
 
as:  What kind of mistakes do your students make about
 
optics concepts?  From your experience, what causes your
 
students to make these mistakes?  Each student was asked
 
such questions as:  Which optics concepts are difficult for
 
you to understand?  Do you have problems when you study the
 
concepts of light, shadow, and image formation from a plane
 
mirror or a converging lens?  Why do you have these prob­
lems?
 
The instructor responses indicated that students re­
flected certain misconceptions between light and the sourc­
es of light.  The underlying factor was that students paid
 
less attentions to learning a concept and more to arriving
 
at a solution.  Since they would face university entrance
 
exams in the near future, student responses indicated a
 
greater need to learn to solve problems than to learn con­
cepts.  Thus, when the students were asked about the defi­
nition of light, their answers focused upon the sources of
 
light.  Interview data were tape recorded and were recorded
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by handwritten notes, two sources which served as the raw
 
material for constructing open-ended test items.
 
Question items, as derived from previous investiga­
tions of optics misconceptions (McDermott & Goldberg, 1986;
 
Mohapatra, 1988; Smith, 1987) and the aforementioned inter­
views with physics teachers and students, were prepared
 
(Appendix B) and were then translated into the Thai lan­
guage by the researcher.  An open-ended 30-item test was
 
constructed and presented to three Thai language experts,
 
one with mastery of the Thai language, one with mastery of
 
translations from English to Thai, and with mastery of both
 
English and principles of optics, to assure that the test
 
language was understandable.
 
The Thai language experts suggested some changes in
 
wording for purposes of clarity.  For example, "warm" as
 
used in item #8 indicates "hot" in Thai, and "warmth" in
 
item #9 (Appendix B) indicates "heat."  Upon correction of
 
the test language, the open-ended test was administered to
 
30 students in grade 9, 70 non-science students in grades
 
11 and 12, and 76 science students in grades 10-12.  None
 
of these students were included in either subsequent field
 
testing or in the administration of the final instrument.
 
The format of the open-ended test consisted of problem
 
statements, and space for both answers and reasons (Appen­
dix B).  No time limit was set for completion of the test.
 
Correct responses to questions as well as incorrect re­
sponses by students were maintained for subsequent use as
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provided answers and the reasons for development of the
 
TTOM, as described in the following section.
 
Development of the Two-Tiered Optics Misconception Test
 
Optical phenomena and light are apparent in everyday
 
life.  However, the relationships among facts, events, and
 
concepts of optic phenomena may differ in explanation from
 
accepted scientific theories.  Thus, the concepts which
 
were selected for the basis of testing were optical instru­
ments and light.  Optics concepts included reflections and
 
images from plane mirrors, the properties of a converging
 
lens, and real and virtual images.  Light concepts con­
sisted of light and heat, light and perception, definitions
 
of light, light rays, the sources of light, scattering and
 
reflection, diffraction, light and shadowing, and color fil­
tration.
 
Test items were again derived from review of studies
 
by McDermott and Goldberg (1986), Mohapatra (1988), and
 
Smith (1987) and from interviews with Thai physics teachers
 
and students.  These items were combined with selected ex­
amples from the open-ended test and were prepared as an
 
item pool (Appendix C).  To prevent the construction of a
 
test measuring only rote learning, Bloom's taxonomy of the
 
cognitive domain (Gronlund, 1985) was used.  Test items 10­
22 and 26 (14 items) were designed to measure objectives in
 
the knowledge category, and items 1-9, 23-25, and 27-30 (16
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items) were designed to measure objectives in the compre­
hensive category.
 
The format of the instrument was designed as a 30­
item, two-tiered multiple choice test (Appendix C); the
 
first section consisted of choices of content responses,
 
and the second section included choices of reasons for the
 
responses given in the first section.  In addition, the
 
test provided space for students to present their own ideas
 
to the extent they differed from the provided responses or
 
reasons.  Following translation of the 30-item pool into
 
Thai, three Thai language experts checked the language to
 
assure that it was understandable.  Following language ad­
justments, a selected expert panel, consisting of three
 
professors of optics, three physics educators, and two high
 
school physics teachers, each with more than 15 years of
 
teaching experience (Appendix A), was asked to determine
 
whether each first tier item choice was either Correct, a
 
Misconception, or a Wrong answer by placing a C, M or W in
 
the space provided for each choice.  A wrong answer at this
 
stage indicated that the item answer was either not a rea­
sonable answer or that it had no relation to the question.
 
The expert panel was also asked to choose one reason, from
 
among four provided reasons, to support correct answers.
 
Space was also provided for suggestions, recommendations,
 
or corrections.  Items that received agreement from at
 
least six of the eight experts for correct answers were
 
maintained.
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From consultation with the expert panel, items 10 and
 
14 (Appendix C) did not receive minimum support and were
 
eliminated from the item pool.  The provided correct an­
swers were then determined to be correct.  None of the stu­
dent responses as derived from the open-ended test, and
 
provided as incorrect answers, were determined by the ex­
perts to be the wrong answers.  This checking process was
 
necessary to assure that the TTOM distractors were miscon­
ceptions rather than simple mistakes.
 
To increase test understandability, certain changes
 
and/or modifications were suggested and then adopted for
 
selected items prior to proceeding to the next step.  For
 
example, in item 5 (Appendix C), the experts suggested
 
drawing a picture of a cardboard DE close to a converging
 
lens to prevent confusion; for item 6, it was suggested
 
that the picture should display the experiment from two
 
angles; for item 20, it was suggested that to set a situa­
tion before asking a question was to be preferred to only
 
asking a question; and for item 27, it was suggested that a
 
diagram of light diffraction should be included with the
 
question.  The test was then presented for readability
 
analysis prior to field testing.
 
Readability
 
Eight science students, selected from grades 9,  10,
 
11, and 12, were asked to assess the readability of the
 
items.  The students were asked to identify items that they
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could not understand clearly.  The discussion was recorded
 
by the researcher and by tape recorder.  The time for
 
students to complete the test varied between 30-70 minutes;
 
with an average of 50 minutes.  The records were used for
 
revising the test before administering to the subjects in
 
the field study.
 
Field Study
 
The TTOM, consisting of the instructions, a 28-item
 
two-tiered multiple choice test, and an answer sheet, was
 
administered to 190 high school science students at the
 
Kasetsart Demonstration School in Bangkok, Thailand.  For
 
each statement, subjects were asked to select correct
 
responses and reasons from, respectively, the first and
 
second tiers of choices.  Subjects completed the test in 60
 
minutes.  The responses were collected for purposes of item
 
analysis and to establish reliability.
 
Field test results were scored as follows:
 
1)  For correct selections of both first and second 
tier item choices, one point was awarded. 
2)  For selection of a correct answer from the first 
tier, followed by selection of an incorrect rea­
son or no selection from the second tier, zero 
points were awarded. 
3)  For selection of an incorrect answer from the 
first tier, regardless of whether the reason 65 
selected from the second tier was correct or
 
incorrect, zero points were awarded.
 
4)	  For selection of a correct answer from the first
 
tier and no selection from the second tier,
 
wherein subjects indicated their own responses in
 
the space provided, one point was awarded if the
 
reason was judged to be correct by two physics
 
professors; otherwise, zero points were awarded..
 
Validation
 
Validity is defined as the appropriateness of infer­
ences from test scores or other forms of assessment (APA,
 
1985).  Validity is influenced by uniform aspects of mea­
surement, including the test format, conditions of adminis­
tration, and language levels in use.  For the present
 
study, construct-related evidence for validity was estab­
lished.  Content-related evidence for validity could not be
 
established because the procedure demonstrates the degree
 
to which the sample of items, tasks, or questions on a test
 
are representative of some defined universe or domain of
 
content (APA, 1985).  Misconceptions are not a domain of
 
content.  They are rather the psychological characteristics
 
of interest (APA, 1985).  Thus, misconceptions are con­
structs.  Construct-related evidence for validity for this
 
study was determined by 1)  the manner in which the instru­
ment was developed, 2) determination of known-group differ­66 
ences, and 3) interviews with a random selection of sub­
jects, as given below:
 
1)  The manner in which the instrument was developed
 
included the method of test construction, inter­
nal consistency, and item analysis.
 
a)	  The method of test construction included the
 
definition of misconceptions, selection of
 
knowledge statements to match the defini­
tions, and consultation with experts prior to
 
field study administration of the pilot test
 
to a selected group of subjects.
 
b)  Internal consistency:  Reliability, as indi­
cated by the internal consistency of the test
 
items, is concerned with item homogeneity
 
(Gronlund, 1985; Mehrens & Lehmann, 1991).
 
The Kuder-Richardson formula 20 (KR-20) and
 
the method for increasing the reliability of
 
a short multiple choice test (Serlin & Kai­
ser, 1978) were used to determine internal
 
consistency.  The reliability of the instru­
ment for the field study was found to be .81.
 
c)	  Item analysis:  The total item scores for the
 
highest 27 percent and the lowest 27 percent
 
were used to establish item analysis, item
 
difficulty, and item discrimination (Mehrens
 
& Lehmann, 1991).  Based upon this procedure,
 
the number of items was reduced from 28 to
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25.  An item-total score correlation was used
 
to establish the correlation between individ­
ual test items and the total test score, pro­
viding construct-related evidence for validi­
ty.  The item-total score correlation was
 
found to be .20  for the field study.
 
2)  Determination of differences between means of
 
known-groups was used to provide evidence of val­
idity.  Field test subjects in the 12th grades
 
with grade point averages in excess of 3.5 were
 
selected as a known high achievement group and,
 
to control for the effects of variation, 12th
 
grade non-science subjects were selected to rep­
resent a low achievement group.  The TTOM scores
 
were analyzed to determine score differences
 
within these two known-groups.  The statistical
 
t-test was used to determine the significance of
 
the difference between the two samples and the
 
results of this analysis are provided in Chapter
 
4  (Table 4.1).
 
3)	  Following administration of the field test. 14
 
students were randomly selected from the 10th
 
through the 12th grades at the Kasetsart Demon­
stration School, Bangkok, Thailand, for inter­
views regarding test items.  The interview ques­
tions, some of which were accompanied by draw­
ings, were drawn from the TTOM and presented to
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the subjects one at a time.  Subjects were pro­
vided with paper and pencils to be used to sketch
 
or describe their ideas.  The following statement
 
is an example of an interview question (i.e.,
 
from items 1 to 4 of the final instrument, Appen­
dix H):
 
Statement/Question:  The optical instrument as
 
shown in this picture consists of an object
 
(the filament of an unfrosted light bulb), a
 
converging lens, and a screen.  Suppose we
 
removed the lens, leaving an object and a
 
screen where they are.  Would anything
 
change on a screen?  And why?
 
Responses:  Ten students responded that the image
 
on the screen would become erect, smaller
 
than an object, and unclear, noting that the
 
property of a converging lens was to invert
 
and change the size of the image.  These
 
responses were based upon textbook informa­
tion.  However, four subjects responded that
 
without a lens, there could be no screen
 
image because a converging lens would be
 
required to focus the light.  The light ray
 
would be converted after passing through the
 
lens and only then would a real image ap­
pear.
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The remainder of the questions were presented to
 
the subjects following an identical procedure.
 
After completing an interview, subjects turned in
 
written explanatory comments to the interviewer
 
for consideration with the answers.  In addition,
 
interviews were tape recorded.  Scores were ob­
tained from the number of correct answers and
 
correct reasons, and interview results are pro­
vided in Table 3.1.
 
The mean score was 8.21 for the field study
 
interviews, in contrast to a mean score of 8.4
 
from administration of the test.  The two mean
 
scores were comparable, though not statistically
 
identical.  In this case, testing for significant
 
differences between two means did not result in
 
identical scores for reason of the assumptions of
 
the statistical testing (Devore & Peck, 1986).
 
Thus, it was determined student misconceptions
 
about optics were accurately identified from a
 
combination of field study testing of the item
 
pool and the interviews with a random selection
 
of subjects from the same population.  These re­
sults were considered to provide construct-relat­
ed evidence for validity.
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Table 3.1.  Summary of interview with random
 
selection of subjects.
 
ID  Grade  Gender  Correct item responses:  Score 
1  10  M  1,2,5,6,8,16,17, 
18,21,23 
10 
2  10  F  10,14,15,18,20  5 
3  10  M  13,15,19,20  4 
4  10  F  10,11,15,18,19,20, 
21,22,23 
9 
5  11  M  1,2,3,10,11,14, 
15,16,18,20 
10 
6  11  M  1,2,9,10,15,19,20  7 
7  11  M  10,12,14,15,17, 
18,21,22,24 
9 
8  11  F  1,4,5,6,14,15,21,24  8 
9  11  F  1,2,7,8,10,18,20,21,25  9 
10  12  F  1,2,7,10,14,15,16, 
17,20,21,23,25 
12 
11  12  M  10,12,14,15,17, 
18,19,23,24 
9 
12  12  M  1,10,12,14,15, 
16,25 
7 
13  12  M  11,13,14,19,20, 
21,24,25 
8 
14  12  M  1,2,3,8,10,15,18,20  8 
Selection of Subjects
 
Two schools for males, two schools for females, and
 
four coeducational schools were randomly selected from
 
among the number of larger secondary schools in Bangkok,
 
Thailand (i.e., schools with enrollments greater than 2500
 
students).  The types of schools selected usually offered
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from four to eight science classes at each grade level.
 
One class from each grade at each school was then randomly
 
chosen, and all students in the selected classes were in­
cluded as subjects of the study.  The number of subjects by
 
gender and grade level are shown in Tables 3.2 and 3.3.
 
From Table 3.2, there was a total of 932 subjects, consist­
ing of 238 students from all-male schools, 246 students
 
from all-female schools, and 448 students from coedu­
cational schools.
 
Table 3.2.  Participants by type of school and grade
 
level.
 
Type  No. of  Level  Level  Level
 
Schools  10  11  12  Totals
 
Male  2  100  87  51  238
 
Female  2  98  91  57  246
 
Coed  4  154  159  135  448
 
Total  8  352  337  243  932
 
The numbers of male and female subjects from coedu­
cational schools, by grade level, are shown in Table 3.3.
 
There were 75 male and 79 female students from grade 10, 79
 
male and 80 female students from grade 11, and 55 male and
 
80 female students from grade 12.  The ratio of males to
 
females for each grade level was approximately 1:1.
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Table 3.3.  Male and female participants at
 
coeducational schools.
 
Level 10  Level 11  Level 12 
School  Male  Female  Male  Female  Male  Female 
1  26  15  17  23  8  26 
2  21  27  24  26  12  16 
3  13  19  19  21  20  17 
4  15  18  19  10  15  21 
Total  75  79  79  80  55  80 
Administration of the Instrument
 
In its final form (Appendix H) the TTOM was used to
 
investigate physics misconceptions about optics held by
 
high school science students in Bangkok, Thailand.  The in­
strument was distributed during the fourth week of Septem­
ber, 1992 and the first week of October, 1992 and adminis­
tered to 932 students from 24 randomly selected classes
 
from among eight high schools.  The instrument asked sub­
jects to provide information on grade and gender, and pro­
vided instruction how each respondent was to mark responses
 
to each of first page items on the answer sheet as well as
 
how the test should be completed.  Subjects were allowed 50
 
minutes to complete the tests and all tests were adminis­
tered by the research to all classes.  Responses were col­
lected and scored for item analysis, reliability, and ana­
lysis of variance.  The collected data were then subject to
 
analysis with respect to the hypotheses.
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Item Analysis and Reliability of the TTOM
 
The procedures used for item analysis and to establish
 
item difficulty, item discrimination, item-total score cor­
relation, and reliability were identical to procedures used
 
for the field study tests.
 
Testing the Hypotheses
 
Data for three variables were analyzed for their ef­
fect upon student misconceptions, including grade level,
 
type of school, and gender.  Grade levels considered in­
cluded the 10th, 11th, and 12th grades; types of schools
 
considered include all-male, all-female, and coeducational
 
schools.  Statistical analysis procedures were applied to
 
scores for the TTOM in the form of a three-factor analysis
 
of variance (ANOVA) based upon a randomized block design
 
procedure.  Table 3.4 provides a representation of the
 
three-factor ANOVA used for the present study:
 
Table 3.4.  Random-block design for
 
three-factor analysis of variance.
 
Gender  Female  Male 
Grade Level  10th  11th  12th 
Type of School  Female  Male  Coed 
Statistical Models
 
From the ANOVA three-factor design, statistical models
 
are as outlined below.
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Model One
 
For the variables type of school, school within type,
 
and grade level,
 
Yijkl  P + Ti + Sij + Lk + LTij + EUijk + ESijki ,
 
where
 
Yijkl  is the score for the lth student in the class,
 
corresponding to cells i,  j, and k,
 
p is the fixed constant representing the overall
 
mean, 
Ti  is the fixed effect corresponding to type of 
school, 
Sij  is the fixed effect corresponding to school 
within type, 
Lk  is the fixed effect corresponding to grade 
level, 
LTij  is the interaction effect corresponding to grade 
level and type of school, 
EUijk is the random residual (error) associated with a
 
class of students (the mean square of the resid­
ual is estimated as the interaction between the
 
grade level by school within type interaction
 
mean square, and
 
ESij kl  is the random residual (error) associated with a
 
student within a class.
 
The research hypotheses, in the form of null hypothe­
ses, were tested and were as follows for Model 1:
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Hol There will be no differences among types of
 
schools (male, female, and coeducational);
 
Ho2 There will be no differences among schools within
 
types of schools;
 
Ho3 There will be no differences among subjects for
 
grade level (10th through 12th grades);
 
Ho4 There will be no interaction effect between grade
 
level and type of school;
 
Hoy There will be no interaction effect between grade
 
level and schools within types of schools;
 
Ho6 There will be no differences among 10th grade
 
subjects for type of school;
 
Hoy There will be no differences among schools within
 
type for 10th grade subjects;
 
Hob There will be no differences among 11th grade
 
subjects for type of school;
 
Hog There will be no differences among schools within
 
type for 11th grade subjects;
 
Hon There will be no differences among 12th grade
 
subjects for type of school; and
 
Hon There will be no differences among schools within
 
type for 12th grade subjects.
 
For testing the principal hypotheses, Hol through Ho3
 
and Ho6 through Hon, Model 1 terms included, Ti, Sij, and
 
Lk.  To test for interaction effects, Ho4 and Hoy, the
 
terms included LTij and EUijk.  For computation of the
 
F-values for the fixed model, the two residual terms, EUijk
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and (ESij kl) were denominators for the calculation of each
 
of the five F-values used to test null hypotheses for the
 
three-variable fixed design.
 
The design for the ANOVA procedure is shown in Table
 
3.5 for all variables.  For variables analyzed by fixed
 
model for the 10th, 11th, and 12th grade level subjects,
 
the design for the ANOVA procedure is as shown in Tables
 
3.6-3.8, respectively.
 
Table 3.5.  Design for analysis of variance, all
 
variables.
 
Source of
 
Variation  df  MS  F-value
 
Among Classes:  23 
Type  2  MST  MST/MSs(T) = F1 
School (Type)  5  MSS (T)  MSS  (T) MSTT = F7 
Level  2  MST,  MSLAASu = Fl 
Type x Level  4  MSTL  MSTL/MST, = F4 
Unit error  10  MSu  MSU /MSE = F5
 
(Classes)
 
(Level x School
 
(Type))
 
Subject within  908  MSE
 
classes error
 
Total  931
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Table 3.6.  Design for analysis of variance, fixed
 
model for 10th grade subjects.
 
Source of
 
Variation  df  MS  F-value
 
Among Classes:  7
 
Type  2
  MSTi ni  I  MST, 0/MSS  (T111)  =  F6 
School (Type)  5  MSS (T10)  MSS (T10) /MSE10  F7 
Student within  344
  MS E10 
classes error
 
Total  351
 
Table 3.7.  Design for analysis of variance, fixed
 
model for 11th grade subjects.
 
Source of
 
Variation  df  MS  F-value
 
Among Classes:  7
 
Type  2
  MSTi 1  MSTii  /MSS (T111  =  FR 
School (Type)  5  MSS (T11 )  MSS  (T11 ) /MSF.1  1 =  F9 
Student within  329  MSE11 
classes error 
Total  336 
Table 3.8.  Design for analysis of variance, fixed
 
model for 12th grade subjects.
 
Source of
 
Variation  df  MS  F-value
 
Among Classes:  7
 
Type  2  MST,  7  = MST1 2/MSS (T12)  F10 
School (Type)  5  MSS  (T17)  MSS (T12) /MSP.12  =  F11 
Student within  235  MSE12
 
classes error
 
Total  242
 78 
Model Two
 
For the variables school, gender, and grade level for
 
coeducational schools,
 
+ Si + Gj + Lk + GL3k + EUijk + ESijki  ,
 Mijkl = P1
 
where; 
Mijkl  is the score for the lth subject in the class, 
corresponding to the cells j,  k, and 1, 
pi  is the fixed constant representing the overall 
mean, 
Si  is the fixed effect corresponding to school, 
G3 .  is the fixed effect corresponding to gender, 
Lk is the fixed effect corresponding to grade
 
level,
 
GLii	 is the random residual (error) associated with a
 
class of subjects (the mean square for the resid­
ual is estimated as the interaction between the
 
grade level by gender interaction mean square),
 
EUijk is the random residual (error) associated with a
 
class of subjects (the mean square for the resid­
ual is estimated as the interaction between the
 
levels of the variables grade level, school, and
 
gender), and
 
Eli.] ki	  is the random residual (error) associates with a
 
subject within a class.
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The following null hypotheses were tested for Model 2:
 
Ho12 There will be no differences for grade level
 
among coeducational schools;
 
Hon There will be no differences for gender among
 
coeducational schools; and
 
Holz'  There will be no interaction effect for grade
 
level and gender among coeducational schools.
 
To test the principal null hypotheses Ho12 and Hon,
 
the terms included, Si, Gj, and Lk.  For the subsidiary hy­
pothesis Ho14, the term GLjk was used to test for an inter­
action effect.  When computing the F-values for the fixed
 
model, the residual terms EUijk and ESijki were denominators
 
for the calculation of each of the four F-values used to
 
test the null hypotheses for the three-variable fixed de­
sign.  The design for the ANOVA procedure is shown in Table
 
3.9 for variables for coeducational.
 
Table 3.9.  Analysis of variance for coeducational
 
schools.
 
Source of variation  df  MS  F-value
 
School  3  MSS  MSS / MSuR = F
 
Gender  1  MSc:  MSc; / MSTTR = F12
 
Level  2  MST,  MST, / MSuR = F11
 
Gender x Level  2  MS T,  MScu, / MSTIR =  F14 4
 
Unit error  15  MSuR  MSuR / MSsR
 
Subsampling Error  439  MSsR
 
Total  447
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Each of the ANOVA performed was tested at the .05
 
level of significance.  All data were computed using SAS
 
(1987).
 
Summary
 
The purpose of this chapter was to describe the meth­
odology used to develop the Two-Tiered Optics Misconception
 
Test for high school students in Bangkok, Thailand.  Devel­
opment of the instrument, the selection of subjects, and
 
the administration of the instrument and testing of the
 
hypotheses, to include the means of statistical analysis,
 
were described.
 
For field testing, the subjects consisted of 190
 
science students from the 10th, 11th and 12th grades from
 
the Kasetsart Demonstration School.  Data from item analy­
sis, item-total score correlation, and internal consistency
 
were analyzed for test revision.  The final instrument,
 
consisting of 25 items in form of a two-tiered multiple
 
choice pattern, was administered to 932 high school science
 
students in the 10th, 11th, and 12th grades at eight high
 
schools in Bangkok, Thailand.
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CHAPTER 4
 
RESULTS OF DATA ANALYSIS
 
The results of data analysis are presented in this
 
chapter, organized in three sections.  The first section
 
provides the findings with respect to instrument develop­
ment, including consideration of item analysis, item diffi­
culty, item discrimination, item-total score correlation,
 
and the results of statistical data analysis of differences
 
between the means of known-groups.  The second section sum­
marizes the results of statistical data analysis with res­
pect to the research hypotheses.  The third section pro­
vides a consideration of research findings from analysis of
 
data unrelated to the research hypotheses.
 
Two-Tiered Multiple Choice Optics Instrument
 
The instrument was constructed in a two-tiered format,
 
the first tier with multiple choice questions and the se­
cond tier with multiple choices of reasons for responses
 
given to first tier questions.  The area considered to be
 
appropriate for testing generalized concepts of physics for
 
secondary education in Bangkok, Thailand during the first
 
semester 1992 was misconceptions in concepts of optics.
 
The Two-Tiered Optics Misconceptions Test (TTOM) consisted
 
of 25 items (Appendix H), for which there were four options
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for each of the questions and responses in the first and
 
second tiers.
 
Item analysis procedures consisted of determination of
 
item difficulty, item discrimination, and item-total score
 
correlation.  The item difficulty index shows the percent­
age of students who have answered an item correctly.  Item
 
discrimination is used to indicate the degree to which test
 
results effectively separate subjects with high total test
 
scores from subjects with low total test scores (Wiersma &
 
Jurs, 1985).  Results of the item difficulty and item dis­
crimination calculations, as well the item-total score cor­
relation, which expresses the relationship between the
 
total test and item scores (Magnusson, 1967), are shown in
 
Figure 4.1.
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Figure 4.1.  Item difficulty, discrimination, and
 
total score correlation.
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Figure 4.1 shows the item difficulty, item discrimi­
nation, and the item-total score correlation for each item.
 
It may be noted that these values for items 2-4,  9,  13, 19,
 
and 25 were all in an approximate range of 0.2.
 
Determination of differences between the means of
 
known-groups was used to provide evidence of validity.  The
 
TTOM scores were analyzed to determine score differences
 
within two known-groups, 12th grader subjects with grade
 
point averages in excess of 3.5 (A=4.0) who were selected
 
as a known high achievement group, and 12th grade non-

science subjects who were selected to represent a low
 
achievement group.  The statistical t-test was used to
 
determine the significance of the difference between the
 
two samples and the results of this analysis are provided
 
in Table 4.1.
 
Table 4.1.  Comparison of means, high and low
 
achievement groups.
 
Group  N  Mean  Variance  SD  t 
High  41  9.61  7.29  2.70  6.43* 
Low  49  5.75  8.65  2.94 
Note:  * = p < .05. 
Table 4.1 shows that there were significant differ­
ences between the mean scores of known high achievement and
 
low achievement groups.  It may be stated that a signifi­
cant difference existed at the .05 level of significance
 
for the mean misconception scores of the two known-groups.
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Statistical Data Analysis
 
Statistical analysis procedures were applied to the
 
data to determine:  1) mean scores for type of school,
 
grade level, and school within type and 2) ANOVA scores for
 
gender, grade level, and type of school.  For each test,
 
statistical significance was set at the .05 level.
 
Mean Scores
 
Figures 4.2-4.6 provide comparisons of mean scores by
 
type of school, all schools by grade levels, grade levels,
 
schools within a type, and gender, respectively.  A com­
plete listing of all mean scores is provided in Appendix E.
 
Mean
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Type 
Figure 4.2.  Mean scores by type of schools for male,
 
female, and coeducational schools.
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Figure 4.3.  Mean scores for all schools by grade level. 86 
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Figure 4.5.  Mean scores for subjects by schools.
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Figure 4.6.  Means scores by gender for coeducational 
schools.
 
As indicated in Figure 4.2, subject mean scores for
 
the male schools were higher than for either the female
 
schools or the coeducational schools, thus indicating that
 
the subjects from male schools had fewer misconceptions
 
about optics than the subjects of either the female or co­
educational schools.  From Figure 4.3, mean scores for 10th
 
grade level subjects were higher than for the subjects of
 
either levels 11 and 12, indicating that subjects from
 
level 10 had fewer misconceptions about optics than either
 
of the other two grade levels.
 
In Figures 4.3 and 4.5, which indicate subject mean
 
scores for each school, columns 1-4 indicate subject mean
 
scores for coeducational schools, whereas comparative
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scores for exclusively female and male schools are given
 
in, respectively, columns 5-6 and 7-8.  Figure 4.3 shows
 
comparative mean scores for fixed grade levels.  The high­
est mean scores for the 10th, 11th, and 12th grades were
 
for male schools (column 7), female schools (column 5), and
 
male schools (column 7), respectively.  From the mean
 
scores given in Figure 4.5, subjects from a single male
 
school (column 8) reported the highest score, followed by
 
the subjects from a single female school (column 6).  The
 
lowest mean score recorded was for one of the coeducational
 
schools (column 1).  Note that the mean score for male sub­
jects was nearly identical to the mean score for female
 
subjects (Fig. 4.6).
 
Results for the Research Hypotheses
 
A three-factor ANOVA procedure was used to assess the
 
effects for gender, grade level, and type of school upon
 
misconceptions in optics among high school students in
 
Bangkok, Thailand.  Fourteen research hypotheses were test­
ed.
 
Hypotheses One to Five
 
The variables considered include three types of
 
schools (male, female, and coeducational), eight schools
 
within types (two male, two female, and four coeducation­
al), and three grade levels (10,  11, and 12), tested for
 
TTOM scores for the following null hypotheses:
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Hol There will be no differences among types of
 
schools (male, female, and coeducational);
 
Ho2 There will be no differences among schools within
 
types of schools;
 
Ho3 There will be no differences among subjects for
 
grade level (10th through 12th grades);
 
Ho4 There will be no interaction effect between grade
 
level and type of school;
 
Hoy There will be no interaction effect between grade
 
level and schools within types of schools;
 
Based upon a 3 x 3  x  6 matrix for type of school
 
(type), grade level (level) and school within type (school
 
(type)), the summary for the ANOVA for Hol-Ho5 is given in
 
Table 4.2.  (Note:  For Table 4.2, the level of signifi­
cance used was .01.)
 
Table 4.2.  Summary analysis of variance for
 
Hypotheses One through Five.
 
Source of
 
Variation  df  SS  MS  F
 
Among Classes:  23
 
Type  2  1256.66  628.33  3.71
 
School(type)  5  847.92  169.58  6.40**
 
Level  2  166.57  83.29  3.14
 
Type x Level  4  214.46  53.61  2.02
 
Error (classes)  10  265.10  26.51  3.65**
 
Subjects Within  908  6597.03  7.26
 
Classes
 
Total  931  9347.74
 
Note:  ** = p < .01.
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Analysis of the data for Hol and Ho3-Ho5 indicated
 
that these hypotheses were not rejected at the .05 level of
 
significance, and that significant effects for misconcep­
tion scores were demonstrated only for schools within type.
 
Therefore, among the types of schools, there were no sig­
nificant differences among subjects for optics.  Moreover,
 
there was no interaction effect between type of school and
 
grade level, whereas the results indicated that there was
 
an interaction effect between grade level and school within
 
type.
 
Hypothesis Six-Eleven
 
For the grade levels 10-12, Ho6-Holl scores were ana­
lyzed for the effects of type of school and school within
 
type, as follows (the level of significant, where appro­
priate for purpose of illustration, is given as .01.):
 
Hob There will be no differences among 10th grade
 
subjects for type of school;
 
Hoy There will be no differences among schools within
 
type for 10th grade subjects;
 
Hob There will be no differences among 11th grade
 
subjects for type of school;
 
Hog There will be no differences among schools within
 
type for 11th grade subjects;
 
Hon There will be no differences among 12th grade
 
subjects for type of school;
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Hon There will be no differences among schools within
 
type for 12th grade subjects;
 
As shown in Table 4.3, Hob and Hoy scores indicated
 
that there was a significant difference for school within
 
type at the .01 level of significance for 10th grade sub­
jects, but that there was no significant effect for type of
 
school.  Therefore, it was determined that for 10th grade
 
subjects, there were no significant differences for miscon­
ceptions in optics by type of school, but that the differ­
ences for schools within types among subjects was signifi­
cant.
 
Table 4.3.  Analysis of variance by type of school
 
and schools within type among 10th grade
 
subjects.
 
Source of
 
Variation  df  SS  MS  F
 
Among Classes:  7
 
Type  2  704.36  352.18  2.25
 
School(type)  5  783.51  156.70  18.89**
 
Students Within  344  2854.04  8.30
 
Classes
 
Total  351  4341.91
 
Note:  ** = p < .01.
 
As shown in Table 4.4, Hog and Hog scores indicated
 
that there was a significant difference for school within
 
type at the .01 level of significance for 11th grade sub­
jects, but that thert was no significant effect for type of
 
school.  Therefore, it was determined that for 11th grade
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subjects, there were no significant differences for miscon­
ceptions in optics by type of school, but that the differ­
ence for schools within types among subjects was signifi­
cant.
 
Table 4.4.  Analysis of variance by type of school
 
and schools within type among 11th grade
 
subjects.
 
Source of
 
Variation  df  SS  MS  F
 
Among Classes:  7
 
Type  2  311.64  155.82  4.69
 
School(type)  5  166.01  33.20  4.76**
 
Students Within  329  2294.89  6.97
 
Classes
 
Total  336  2772.54
 
Note:  ** = p < .01.
 
As shown in Table 4.5, Hon and Hon scores indicated
 
that there were significant differences for both type of
 
school and school within type at the .05 level of signifi­
cance for 12th graders.  Therefore, it was determined that
 
for 12th grade subjects, there were significant differences
 
for misconceptions in optics for both type of school and
 
school within type.
 
Results of the analysis, as given in Tables 4.2-4.4,
 
indicated significant effects for type of school for 12th
 
grade subjects, and for school within type for all grade
 
levels.  In addition, the results indicated that type of
 
school did not have a significant effect upon grade levels
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Table 4.5.  Analysis of variance by type of school
 
and schools within type among 12th grade
 
subjects. 
Source of 
Variation  df  SS  MS  F 
Among Classes: 
Type 
7 
2  359.61  179.80  7.11* 
School(type)  5  126.52  25.30,  4.11** 
Students Within  235  1448.10  6.16
 
Classes
 
Total  242  1934.23
 
Note:  * = p < .05, ** = p < .01.
 
10 and 11, whereas there was a significant effect for grade
 
level 12.  Therefore, from the results of the present stu­
dy, type of school (i.e., all male, all female, or coeduca­
tional) did not have a significant effect upon TTOM scores
 
for grade level and Hypotheses 7,  9,  10, and 11 were re­
jected.
 
Hypothesis Twelve to Fourteen
 
The variables for gender (male and female) and grade
 
level (grades 10-12) were tested for an interaction effect
 
with respect to misconceptions about optics among all sub­
jects.  Null hypotheses were as follows:
 
12)  There will be no differences for grade level
 
among coeducational schools;
 
13)  There will be no differences for gender among
 
coeducational schools; and
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14)	  There will be no interaction effect for grade
 
level and gender among coeducational schools.
 
Table 4.6 presents the ANOVA for the interaction
 
effect among coeducational schools by grade level and gen­
der.  There was a significant effect for all coeducational
 
schools (1-4) for grade level, indicating that subjects in
 
each grade level had differing misconceptions about optics.
 
However, there were no significant differences or interac­
tion effects for gender and grade level, indicating that
 
male and female subjects experienced parallel misconcep­
tions about optics.  Moreover, misconceptions among sub­
jects for all grade levels were approximately equivalent.
 
Therefore, Hypotheses 12-14 were not rejected.
 
Table 4.6.  Analysis of variance for type of
 
school, grade level, and gender for coeduca­
tional schools.
 
Source of
 
Variation  df  SS  MS  F
 
School  3  204.25  68.08  6.10**
 
Grade Level  2  52.27  26.14  2.34
 
Gender  1  2.95  2.95  0.26
 
Gender x Level  2  8.78  4.39  0.39
 
Unit Error  15  167.41  11.16  1.63*
 
Subsampling Error  424  2895.73  6.83
 
Total  447  3331.39
 
Note:  * = p < .05, ** = p < .01.
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Findings Unrelated to the Research Hypotheses
 
From item analysis, it was found that there were high
 
percentages of certain misconceptions about optics held by
 
both subjects in the highest scored group (27%) and the low­
est scored group (27%).  Table 4.7 displays the percentage
 
of misconceptions for each item and for each reason by
 
grade level (10-12), gender, and type of schools (male, fe­
male, and coeducational).  Those misconceptions which were
 
scored for greater than 10 percent for each answer and each
 
reason are shown.  A complete listing of percentages for
 
each item is given in Appendix D.
 
From Table 4.7, there were seven misconceptions sel­
ected by subjects by percentages greater than 20 percent.
 
1)	  For item 2  (properties of a converging lens),
 
more than 62 percent of all subjects selected the
 
answer which stated when the converging lens was
 
removed, there would be no image if an unfrosted
 
bulb was replaced by a frosted bulb since the
 
filament passing through a frosted bulb could not
 
be seen.
 
2)	  For item 4  (images viewed through converging
 
lens), more than 40 percent of all subjects stat­
ed that it may be possible to see an image on a
 
wall beyond the screen, and along the lens axis,
 
because once the image visibly appeared, since
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Table 4.7.  Misconceptions selected for answers and
 
responses for each item, by percentages (greater
 
than 10%).
 
Item  A  R  L10  L11  L12  F  14  C  S 
1  D  4  25.85  24.63  25.51  18.35  32.89  19.42  30.79 
2  B*  4  67.05  65.88  62.14  65.15  65.55  64.73  65.91 
3  B  1  20.45  12.76  12.76  15.05  16.33  14.06  17.15 
B  4  19.03  19.29  19.34  22.27  15.88  18.08  20.25 
D  3  19.89  21.07  18.93  13.20  27.52  18.30  21.69 
4  A  3  18.47  15.13  13.58  11.96  20.36  17.63  14.46 
B*  4  45.45  51.63  46.09  54.43  40.72  47.10  48.55 
5  C*  3  26.14  42.14  47.33  38.35  36.47  31.70  42.77 
D  4  28.13  29.97  20.58  28.04  25.50  27.23  26.45 
7  C  3  13.07  12.76  16.87  17.32  10.29  17.41  10.74 
C  4  16.19  11.87  17.28  14.43  15.44  16.29  13.64 
8  A  1  14.20  14.24  13.58  13.61  14.54  13.17  14.88 
9  A*  1  22.44  25.82  28.40  27.22  23.04  26.12  24.38 
B  2  19.32  22.26  20.99  23.09  18.34  20.98  20.66 
10  B  2  17.33  19.29  10.70  20.82  11.41  20.09  12.81 
11  C  2  15.91  22.55  19.75  16.49  22.37  22.10  16.74 
12  C  2  19.03  22.85  30.04  23.30  23.27  26.12  20.66 
13  13*  4  47.44  48.96  46.50  49.69  45.64  47.10  48.35 
C  3  19.89  10.68  16.87  18.97  12.30  12.72  18.60 
16  C  3  10.80  14.24  13.58  15.05  10.29  13.39  12.19 
D  1  15.63  19.29  17.70  15.05  20.13  17.41  17.56 
17  C  2  16.76  23.44  14.81  18.97  18.34  19.20  18.18 
18  D  1  20.45  18.69  13.99  19.18  17.00  18.08  18.18 
19  A*  4  42.61  36.50  37.86  39.79  38.48  36.16  41.94 
21  D  1  18.18  19.29  21.40  20.41  18.34  22.77  16.32 
D  2  13.92  15.13  14.81  16.91  12.08  15.63  13.64 
D  4  18.75  18.99  24.28  23.30  17.00  18.75  21.69 
23  D  4  15.34  18.10  15.64  16.91  15.88  19.20  13.84 
24  A*  2  50.28  63.80  55.56  62.47  50.11  52.23  60.54 
25  A  2  18.47  17.21  18.52  20.82  14.99  19.42  16.74 
Note:  * = items with percentages greater than 20%.
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the eye is not a screen, the actual image would 
appear only on the nearest surface. 
3)  For item 5 (light rays), at least 26 percent of 
all subjects answered that half of the image 
would disappear, but that the amount of light 
from the object was not changed since, if half 
the light was blocked from passing through the 
lens, half the image and half the brightness 
would vanish.  However, more than 20% of the 
students also responded that half of the image 
would disappear and the amount of light from the 
object also diminish since the piece of cardboard 
would block both light rays and the amount of 
light. 
4)  For item 9 (images from the plane mirror), at 
least 22 percent of all subjects responded that 
if we moved backward so that angle of view at the 
mirror became wider, we would be able to see a 
whole body from a small rectangular mirror. 
5)  For item 13 (regions of light travel), more than 
45 percent of all subjects responded that light 
could travel infinitely if it did not encounter 
an opaque object since light could not pass 
through opaque objects. 
6)  For item 19 (shadow formation), at least 36 per­
cent of all subjects responded that shadow for­
mations on a cloudy day were difficult to form or 98 
to observe, compared to clear days during which
 
light intensity was decreased.
 
7)	  For item 24 (lightning flashes), at least 50 per­
cent of all subjects responded that lightning
 
flashes were an example of the refraction of
 
light in the atmosphere, due to a different
 
amount of ions among the clouds.
 
There were four items for which the percentage of mis­
conceptions among all subjects was less than 10 percent,
 
including item 6 (reflections on a plane mirror), item 14
 
(colored light), item 15 (sources of light), item 20 (shad­
ow sizes), and item 22 (light refraction).  See Appendices
 
D and G for detailed information.
 
Summary of Results
 
This chapter included a presentation of the results of
 
the study, organized in three sections, the development of
 
the instrument, statistical data analysis of the research
 
hypotheses, and findings unrelated to the research hypothe­
ses.  For development of the instrument, results of item
 
analysis indicated that the mean scores for item difficulty
 
and item discrimination were .32 and .35, respectively,
 
whereas the item-total score correlation coefficient was
 
.28.
 
Findings related to consideration of the hypotheses
 
were as follows:
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1)  The null hypotheses 1,  3,  4,  6,  8,  13, and 14
 
were not rejected.
 
2)  The null hypotheses 2,  5,  7,  and 9-12 were re­
jected.
 
Among the findings not directly related to the research
 
hypotheses, there were seven misconceptions that were held
 
by greater than 20 percent of all subjects.  The concept
 
areas which reflected the highest degree of misconception
 
included properties of a converging lens, images from a
 
converging lens, plane mirror, light rays, the region of
 
light travel, shadow formation, and lightning flashes.
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CHAPTER 5
 
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
 
The final chapter is presented in three sections,
 
including a summary of the study, a conclusion with dis­
cussion of the findings, and recommendations.  The final
 
section includes recommendations for the design of instru­
ments similar to that developed for the present study as
 
well as recommendations for future research.
 
Summary
 
The objectives of this study were to construct and to
 
develop a two-tiered multiple choice test for the measure­
ment of student misconceptions in optics at the level of
 
secondary education in Thailand, as well as to investigate
 
the effects of gender, grade level, and type of school upon
 
levels of student misconceptions.  To meet these objec­
tives, an instrument was developed, field tested, and then
 
administered to 932 high school subjects from randomly se­
lected 10th through 12th grade classes in Bangkok, Thai­
land.  These classes included all-male, all-female, and
 
coeducational classes.
 
A mixed analysis of variance model, developed accord­
ing to guidelines suggested by Milliken and Johnson (1984),
 
was used to investigate the effects of gender, grade level,
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and type of school upon subject misconception scores in the
 
field of optics.
 
Findings of the Investigation
 
A two-tier multiple choice test was developed to
 
measure optics misconceptions of secondary students in
 
Thailand.
 
Testing hypotheses, findings directly related to
 
hypotheses were as follow:
 
1)  There were no significant differences among types 
of schools (male, female, and coeducational); 
2)  There were significant differences among schools 
within types of schools; 
3)  There were no significant differences among sub­
jects for grade level (10th through 12th grades); 
4)  There was no interaction effect between grade 
level and type of school; 
5)  There was an interaction effect between grade 
level and schools within types of schools; 
6)  There were no significant differences among 10th 
grade subjects for type of school; 
7)  There were significant differences among schools 
within type for 10th grade subjects; 
8)  There were no significant differences among 11th 
grade subjects for type of school; 
9)  There were significant differences among schools 
within type for 11th grade subjects; 102 
10)  There were significant differences among 12th
 
grade subjects for type of school; and
 
11)  There were significant differences among schools
 
within type for 12th grade subjects.
 
12)  There were no significant differences for grade
 
level among coeducational schools;
 
13)  There were no significant differences for gender
 
among coeducational schools; and
 
14)	  There were no significant interaction effect for
 
grade level and gender among coeducational
 
schools.
 
Therefore, for the research hypotheses, a summary of find­
ings is as follows:
 
1)  The null hypotheses 1,  3,  4,  6,  8,  13, and 14
 
were not rejected.
 
2)  The null hypotheses 2,  5,  7,  and 9-12 were re­
jected.
 
Findings Not Directly Related to the Hypotheses
 
Findings from item analysis, and not directly related
 
to the hypotheses, revealed that more than 20 percent of
 
the subjects commonly held seven misconceptions.  These
 
misconceptions were derived from concepts of the properties
 
of a converging lens, images from a converging lens, plane
 
mirrors, light rays, regions of light travel, shadow forma­
tion, and lightning flashes.
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Conclusions
 
The following conclusions were derived from the find­
ings of the investigation as directly related to the re­
search hypotheses:
 
1.  Testing of the instrument:  The paper-pencil test,
 
based upon a pattern of two-tiered multiple choice ques­
tions and reasons developed for this study, confirmed the
 
validity, or the appropriateness, meaningfulness and use­
fulness, of inferences from scores obtained from the admin­
istration of the Two-Tiered Optics Misconception (TTOM),
 
based upon acceptable levels as demonstrated by criteria-

evidence.
 
2.  Testing the hypotheses:  Three variable factors,
 
gender, grade level, and type of school, were measured for
 
their effect upon student misconception scores in the area
 
of optics within the field of physics.  It was determined
 
that gender, grade level, and type of school did not have
 
significant effects upon subject misconception scores among
 
Thai high school students.  However, the subgroup school
 
within type (i.e., two male, two female, and four coeduca­
tional schools) was found to have a significant effect upon
 
subject misconception scores.  In addition, when fixed
 
grade levels were considered (Ho6-Holly, it was determined
 
that there were significant differences in misconceptions
 
among 12th grade subjects from different types of schools
 
(male, female, or coeducational).
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Conclusions Not Directly Related to the Hypotheses
 
From the findings derived from item analysis, it was
 
concluded that certain consistent misconceptions in area of
 
optics existed among Thai physics students at the level of
 
secondary education.  These misconceptions were related to
 
the properties of a converging lens, images from a plane
 
mirror and a converging lens, light rays, regions of light
 
travel, shadow formation, and lightning flashes.  However,
 
these conclusions were limited to the high school science
 
students in Bangkok, Thailand.
 
Discussion Relative to the Conclusions
 
Discussion of relevant conclusions is presented in
 
three parts.  The first is related to instrument develop­
ment.  The second part concerns variables that possibly
 
have an effect upon misconceptions among science students.
 
The third part is confined to misconceptions among science
 
students in the area of optics.
 
Development of the Instrument
 
The findings of the present investigation reveal that
 
the validity, or the appropriateness, meaningfulness and
 
usefulness, of inferences from scores obtained by adminis­
tration of the TTOM were at acceptable levels, based upon
 
criteria-evidence.  From item analysis determination, the
 
item difficulty index ranged from 0.17 to 0.64 and the dis­105 
crimination index ranged from 0.20 to 0.55.  The item-total
 
score correlation ranged from 0.19 to 0.45, and reliability
 
was established as .85.  These findings were in agreement
 
with those of Tobin and Capie (1981), Haslam and Treagust
 
(1987), and Hsiung (1989).
 
The findings for tests of the TTOM contribute to the
 
conclusion that it was a difficult test for Thai high
 
school science students insofar as the two-tiered test for­
mat did not encourage guessing at correct responses.  That
 
is, from a multiple choice range of options, subjects had
 
to consider both the correct answer and a relevant response
 
to demonstrate the accuracy of answers.  In addition, Thai
 
high school science students were more familiar with phys­
ics tests that required calculation procedures to determine
 
solutions than they were to tests which measured the accur­
acy of their conceptions in the physics area of optics.
 
This factor provides one explanation for the high difficul­
ty index of the TTOM (.32).  At the same time, reliability
 
of the field study and the TTOM were established at .81 and
 
.85, respectively, indicating that the instrument was
 
internally consistent in the measurement of misconceptions
 
about optics.
 
Effect of Variables Upon Misconceptions
 
The effects of gender, grade level, and type of school
 
were the variables considered for this investigation, and
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the effects for each variable is discussed in the following
 
paragraphs.
 
1.  Gender:  In Thailand, the three types of schools
 
in secondary education are all-male, all-female, and co­
educational institutions.  From the findings of the present
 
study, gender did not have a significant effect upon mis­
conceptions among high school students.  This finding is in
 
agreement with those of Dai (1991), Zeraga et al.  (1986),
 
Klainin et al.  (1989), Bouvens (1987), and Tobin and Gar-

nett (1987).  The means for female and male students for
 
misconceptions were 6.13 and 6.31, respectively, or compa­
rable values.  From checking percentages across all dis-

tractors for each item (Appendix G), it was determined that
 
female and male students responded similarly to most of the
 
distractors, indicating the existence of similar misconcep­
tions about optics for gender.  However, this finding dif­
fered from those of Za'Rour (1975), who found that males
 
held fewer misconceptions in science than did females, and
 
Al Methan and Wilkinson (1988).  For the latter study of
 
Kuwait students, females scored significantly higher than
 
males for all science subjects.
 
2.  Grade level:  Students in Thailand are instructed
 
in the properties of optics, light, the lens, mirrors, and
 
colors beginning in grade 9 in integrated science classes
 
and continued in the 11th grade in physics classes.  Thus,
 
for the present study it was assumed that 12th grade sub­
jects would have fewer misconceptions about optics than
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those from either the 10th or 11th grades.  However, find­
ings indicated no significant difference in misconceptions
 
about optics among subjects in either the 10th through the
 
12th grades.  From consideration of mean scores by grade
 
level (Figure 4.3), 10th grade subjects scored higher than
 
either of the higher two grades (i.e., 10th grade subjects
 
had fewer misconceptions than subjects of either grade 11
 
or 12), a finding not in agreement with the assumption of
 
this study with respect to grade level.  In addition, this
 
finding was not in agreement with results obtained by Ste­
pan et al.  (1986) and Westbrook (1988), both of whom con­
cluded that grade level/age had an effect upon the state of
 
misconceptions.  Moreover, this finding stands in contrast
 
to the Piaget (1974) concept of cognitive stages.
 
The exceptional nature of the finding with respect to
 
grade level may be related to the structure of education in
 
Thailand.  University education in Thailand is available
 
only to students who have completed the upper secondary
 
level of education.  To cope with university applications
 
in excess of space, admissions are based upon competitive
 
national university entrance examinations.  A high school
 
certificate (Matayom-suksa-torn-ply) is required to take
 
these examinations.  Certificates may be obtained only by
 
completing the secondary 12th level,  or by passing the
 
adult education comprehensive exam, a non-formal educa­
tional process provided to the out-of-school population.
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It has thus become practical and traditional for Thai
 
students in the 10th and 11th grades of the formal system
 
to attempt to pass the comprehensive exams for non-formal
 
education.  If both the comprehensive and university en­
trance exams are passed, no matter the grade level of the
 
individual, the right is obtained to a place in the univer­
sity system.  Thus, high achievement students who pass the
 
exams can enter as university students as early as the com­
pletion of the 10th grade.
 
This means that the 11th grade consists of students
 
who have been unable to pass the necessary entrance exami­
nations, or who have passed the university exam but who are
 
otherwise unsatisfactory to the faculty in which they have
 
chosen to enroll, or students who are still preparing to
 
pass exams to enter medical school or an engineering facul­
ty.  In the end, 12th grade students are those who have
 
failed the necessary university exams, or who want to con­
tinue in the vocational education.  For example, the grade
 
point averages of these students are in the range from 1.00
 
to 2.80.  This highly competetive situation provides at
 
least a partial explanation why 10th grade subjects had
 
fewer misconceptions than subjects from either the 11th or
 
12th grades.
 
3.  Type of school:  In Thailand, the earliest formal
 
education was conduced in Buddhist monasteries.  This sole
 
source of semi-public education was further restricted only
 
to males.  Female schools were confined to the palace and
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then largely to the daughters of the aristocracy and the
 
clergy, who studied the arts of cooking and crafts.
 
When public schools were established for both boys and
 
girls, the educational patterns were derived from the Eng­
lish educational system.  By the early 20th century, owing
 
to the influence of American educational systems, coeduca­
tional schools were established, but the traditional
 
schools (i.e., female and male schools) were the first
 
choice of those parents who wished further schooling for
 
their children.  If children failed to pass the entrance
 
examinations for traditional schools, they would then be
 
enrolled in the coeducational schools.  This meant that the
 
traditional schools had greater opportunity to screen stu­
dents than did the coeducational schools.  As a result, it
 
may be presumed that the average mean scores for tradition­
al schools and coeducational schools should differ.
 
From the findings of the present study, the average
 
mean scores of male schools were higher than those for
 
either female or coeducational schools (Figures 4.5 & 4.6),
 
but there were no significant differences in misconception
 
scores among the three types of schools.  These results
 
were not in agreement with the findings of Bouvens (1987).
 
Thus, from the examination of specific variations within
 
types of schools, it was found that schools within type had
 
a significant effect upon student misconceptions.  This
 
could imply that the state of misconceptions among students
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was specific to the quality of education offered by indi­
vidual schools.
 
Misconceptions in Optics
 
Misconceptions in the area of optics for certain con­
cepts were consistently held by Thai high school science
 
students in all grade levels.  This finding was in agree­
ment with those reported by McDermott and Goldberg (1986),
 
Mohapatra (1988), Smith (1987), and Brown and Clement
 
(1987).  It is assumed that these misconceptions were con­
sistent to the degree they were related to the events of
 
daily living.  For example, when subjects were asked how to
 
expand the range of vision of a mirror image (item 9, Ap­
pendix H), a high percentage responded by indicating back­
ward movement, just as they would when standing in front of
 
a mirror.
 
Recommendations
 
Recommendations from the present study are presented
 
in two parts:  (a) recommendations for practice, and (b)
 
recommendations for future research.
 
Recommendations for Practice
 
From review of the literature of misconceptions expe­
rienced by students in high school science classes, and as
 
a general recommendation for Thai Ministry of Education,
 
the use of textbooks, the techniques of instruction appro­111 
priate to secondary education in Thailand as well as to
 
physics teachers should be subject to serious review.
 
1)  Textbooks:  If science textbooks are based upon
 
inquiry-oriented learning, whereas instruction is
 
based upon a lecture approach, students will tend
 
to acquire short-term knowledge rather than the
 
procedural knowledge required to interpret long-

term concepts (Dai, 1991).  Thus, it brings to
 
misconceptions easily.  This is an appropriate
 
situational description of physics instruction in
 
Thai classrooms.  For example, TTOM item 5
 
(Appendix G), as derived from a textbook, is
 
based on a simple method of locating an image
 
from a converging lens (Figure 5.1):
 
f 
Starting from the first line, draw a
 
straight line parallel to the axis until
 
it meets the lens surface, then draw it
 
through the focal lens.  Draw a second
 
straight line past the center of the lens.
 
The location of the image of a converging
 
lens is at the connection of two lines.
 
Figure 5.1.  Diagram for light rays for a converging
 
lens.
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Based upon this example, most students will be­
lieve that only two lines are necessary to locate
 
an image from a converging lens, demonstrating
 
why high percentages of subjects in the present
 
study experienced misconceptions in concepts of a
 
converging lens.
 
2)  Instruction:  Two of the most important factors
 
which affect instruction in Thailand are the back­
ground of the teachers and methods of instruction
 
(Sangsupata, 1982, 1984).  In Thailand, the
 
background preparation of science instructors is
 
generally inadequate.  Sangsupata (1982) inves­
tigated science misconceptions (i.e., biology,
 
chemistry, and physics) among preservice teachers
 
in Thailand (i.e., senior class majors in sci­
ence) and 12th grade science students.  Findings
 
revealed that numerous misconceptions were widely
 
held by preservice teachers.  These were students
 
who, within one to two years, could be expected
 
to find places in science classrooms, and who
 
then could be expected to provide instruction
 
based upon their own misconceptions.  From the
 
second factor, most physics instructors in Thai­
land teach physics concepts as they would those
 
of mathematics.  As previously reviewed, the
 
highly competition system of university entrance
 
examinations causes physics teachers to concen­113 
trate upon calculation exercises and problem
 
solutions.  In this situation, students practice
 
problem solutions for complicated questions at
 
the cost of neglecting basic conceptual know­
ledge.  For example, in item 1 of the TTOM, when
 
students are asked to find the focal length of a
 
lens, the exercise they learn can be completed in
 
less than one minute.
 
3)  Physics teachers:  Since the best means to re­
place misconceptions is to construct new concepts
 
which provide better explanations of preexisting
 
concepts among learners (Bodner, 1986), physics
 
instructors should be encouraged to construct a
 
two-tiered multiple choice test for the diagnosis
 
of student misconceptions both before and after
 
conceptual instruction.  Use of a two-tiered
 
multiple choice format will provide not only the
 
benefits of objective itemization, such as ease
 
of machine scoring, economy of response time, or
 
lack of dependency upon student writing skills,
 
it also enables the inclusion of specific miscon­
ceptions and provides detailed information about
 
the frequency distribution of these misconcep­
tions for given student populations (Tamir,
 
1989).  In addition, compared to a traditional
 
multiple choice test, this format serves to re­
duce student guessing at answers.
 114 
However, it is quite difficult to construct
 
two-tiered tests, especially the sets of reasons
 
provided in the second tier of responses.  Those
 
who develop tests should pay attention to student
 
errors to either clarify misconceptions or to
 
avoid misunderstandings.  Birenbaum and Tatsuoka
 
(1987) found that incorrect responses were more
 
important than correct responses, and that the
 
more informative the responses, the better the
 
performance.  If students are to complete school­
ing free of misconceptions or with fewer miscon­
ceptions in the basic concepts of science, this
 
success will be owed not only to student efforts,
 
but also to the efforts of both teachers and the
 
educational system.
 
Recommendations for Further Research
 
The followings recommendations for future
 
research are specific to the findings of the present
 
investigation:
 
1)  This study was conducted among secondary schools 
in Bangkok, Thailand, and should be replicated 
for other provinces or in other educational re­
gions to confirm the findings. 
2)  A two-tiered multiple choice pattern for the mea­
surement of student misconceptions should be de­
veloped and investigated for additional conceptu­115 
al topics in physics and other science disci­
plines. 
3)  Additional research should be conducted to deter­
mine which teaching strategies serve most effi­
ciently to reduce student misconceptions in spe­
cific content areas. 
4)  Additional research should be conducted to inves­
tigate other factors that may have an effect upon 
student misconceptions in science.  These factors 
may include language difficulties or the degree 
of similarity among alternatives. 
5)  Since misconceptions among instructors may influ­
ence misconceptions among students, additional 
research should be conducted to identify miscon­
ceptions among physics teachers. 
6)  Since a principal advantage of the two-tiered 
multiple choice is the reduction of guesswork 
responses, research should be conducted to com­
pare the degree of guessing between the use of 
traditional multiple choice group tests and the 
use of the two-tiered multiple choice group test. 
For the following reasons, further study of the in­
strument developed for the present study is also recom­
mended:
 
1)  The TTOM test items are too difficult and there
 
was a fairly low item-total score correlation.
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Thus, additional study of the instrument is
 
recommended.
 
2)  Item analysis is an important procedure for in­
strument development, but the determination of
 
item difficulty, item discrimination, and the
 
item-total score correlation for a two-tiered
 
multiple choice test are more complicated than
 
for traditional multiple choice tests since
 
second-tier reason choices must be provided.  It
 
is a questionable practice to analyze only the
 
first-tier answer choices since ignoring the
 
second-tier responses will affect not only item
 
analysis, but instrumental reliability as well.
 
A computer program for the analysis of two-tiered
 
item tests is not currently available.  For the
 
present study, a two-tiered item analysis program
 
was developed by the reseacher.  In this area,
 
further research is recommended to establish the
 
validity of the approach developed to confirm
 
item analysis and reliability data for the TTOM.
 
3)  The present investigation also brings into issue
 
the question of how many items are appropriate
 
for a two-tiered multiple choice test?  For rea­
son of the structure of this type of test, sub­
jects must seemingly complete 40 responses to
 
complete a 20-item, two-tiered test.  In general,
 
longer tests provide greater reliability (Mehrens
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& Lehmann, 1991), but tests which are too long
 
tend to both bore and exhaust students.  In addi­
tion, elementary students cannot be expected to
 
undergo tests that are equally as lengthy as
 
those administered to high school or college stu­
dents.  Moreover, testing time limitations are
 
also a factor that must be considered.  From
 
previous research (Dai, 1991; Haslam & Treagust,
 
1987; Hsiung, 1989; Tobin & Capie, 1981; Trea­
gust, 1988), it has been recommended that the
 
maximum number of items should be from 20 to 30.
 
This issue should be investigated for student
 
groups at different age levels.
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Appendix B
 
Open-Ended Test for the Measurement
 
of Misconceptions in Optics
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MISCONCEPTIONS ABOUT OPTICS
 
INSTRUCTIONS:
 
This test consists of 30 questions which examine your mis­
conceptions about optics.  Read each question carefully and
 
take your time to answer it.  Don't forget to give reasons
 
supporting your answers.  Write your answer in the space
 
provided.
 
1.	  What is your idea of the definition of light?
 
2.	  How far can the light travel?
 
3.	  "When the light source is switched on, a room is illu­
minated at the same time."  From this sentence, can we
 
say that light has infinite speed?  Why?
 
4.	  Give me three examples of "light"
 
5.	  What are the differences between light and heat?
 
6.  What should we call the following:  the sun, a flash­
light, a candle, a lamp?
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7.	  Consider these sentences:  "Light is something which
 
is contained in atmospheric space as air.  The amount
 
of light will show as brightness."  Are these sen­
tences correct?  Why?
 
8.	  What happens when we hang a wet cloth outside in the
 
light?  Does the cloth become warm and dry?  Why?
 
9.	  Do you believe that light contains warmth in itself?
 
Explain.
 
10.	  Can we see an object colored black?  Why?
 
11.	  Can we see an object colored white?  Why?
 
12.	  How can we see objects?
 
You can draw light rays
 
on this diagram, if you
 
prefer.
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13.	  When you go for a vacation at the beach, if you ob­
serve the sky you can see a blue color similar to the
 
color of the sea.  Why are they the same?  Explain.
 
The following experiment is for questions 14 to 18.
 
The experimental kit consists of object A (an
 
unfrosted light bulb with a horseshoe-shaped
 
filament), a converging lens B, and a translucent
 
screen C, all mounted on an optical bench.  The
 
converging lens is moved until a sharp image of
 
the filament can be observed on the translucent
 
screen, as shown below.
 
14.	  If the converging lens B is removed, and object A and
 
screen C are left where they were, would anything be
 
changed?  Why?
 
15.	  If an unfrosted bulb is replaced by a frosted bulb,
 
would anything be changed?  Why?
 
16.	  What is the difference between a frosted bulb and an
 
unfrosted bulb?
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17.	  If we move screen C toward the lens, would anything
 
change on the screen?  Why?
 
18.	  If the screen is removed, would anything be changed?
 
Why?
 
19.	  Consider this situation.  What will happen if a con­
verging lens is covered by a black card, as shown in
 
19.1 and 19.2?
 
19.1
 
Answer
 
19.2
  A
 
Answer
 
20.	  What kind of optical instrument provides only an erect
 
image?
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21.	  A small mirror is hung on the wall and the top of your
 
head is level with the top edge of the mirror.  One
 
day you stand about 1 meter in distance in front of
 
the mirror, and you find that your mirror image ex­
tends to about 20 cm below neck level.  What should
 
you do to see your whole body in the mirror?  Explain.
 
22.	  Can humans see as well in the dark as animals?  Why?
 
23.	  Explain your ideas about "no light" and "dark".
 
24.	  What is the definition of a shadow?
 
25.	  What is the relationship between shadow size, the
 
source of light, the distance from and object to a
 
screen, and from the source of light to the object?
 
26.	  Is it difficult or easy to form shadows on a cloudy
 
day?.  Explain.
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27.  What is the definition of the refraction of light?
 
28.	  If light travels toward a perpendicular line from air
 
to water, will there be a refraction phenomenon?  Why?
 
29.	  Why is light passing through a clear red glass red in
 
color?  Explain?
 
30.	  What does this sentence mean:  Lightning flashes are
 
an example of non-rectilinear propagation?
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Appendix C
 
Item Pool for Two-Tiered Optics
 
Misconception Test
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MISCONCEPTIONS ABOUT OPTICS
 
INSTRUCTIONS
 
This test consists of 30 questions which examine your mis­
conceptions about optics.  Each question has two parts:  a
 
multiple choice response and a multiple choice reason.  You
 
are asked to make one choice from both the multiple choice
 
response and one choice from the multiple choice reason for
 
each question.
 
Answer all questions on the answer sheet.
 
1.	  Read each question carefully.
 
2.	  Take time to consider your answer and carefully select
 
a reason which best represents your thinking.
 
3.	  Record your answer by placing an "X" over the letters
 
which match your answer and your reason on the answer
 
sheet.
 
e.g. X B C D  a b  )5( d
 
4.	  If you change your mind about an answer, cross out the
 
old answer and add the new choice as shown
 
e.g. B C	  a b  d
 
5.	  If the provided answers or the provided reasons do not
 
represent your thinking, write your concept in the
 
space provided at the right of each question.
 
DON'T FORGET TO RECORD YOUR DETAILS ON YOUR ANSWER SHEET.
 138 
C
 
For questions #1 to #4, the experimental kit consists of an
 
object A (an unfrosted light bulb with a horseshoe-shaped
 
filament), a converging lens B, and a translucent screen C,
 
all mounted on an optical bench.  The converging lens is
 
moved until a sharp image of the filament can be observed
 
on the translucent screen, as shown.
 
1.	  If the converging lens B is removed, and object A and
 
screen C are left where they were, would anything be
 
changed?
 
A.	  The image on the screen would become erect and
 
equal in size with the object.
 
B.	  Without the lens there would be no image.
 
C.	  The image on the screen will remain as before,
 
but will become blurred.
 
D.	  The image on the screen will become erect, but
 
the image will be blurred.
 
Reason:
 
a.	  The property of a converging lens is to focus
 
light.  When there is a converging lens, the
 
image will be clear.
 
b.	  A converging lens flips the image over and an
 
erect image will appear on the screen.
 
c.	  If there is no a converging lens, light rays
 
can't be focused and there will be no image on
 
the screen.
 
d.	  Both a and b
 
2.	  If an unfrosted bulb is replaced by a frosted bulb,
 
would anything be changed?
 
A.	  The image on the screen would become erect and
 
equal to the size of the object.
 
B.	  Without the lens there would be no image.
 
C.	  The image on the screen will remain as before,
 
but will become blurred.
 
D.	  The image on the screen will become erect, but
 
the image will be blurred.
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Reason:
 
a.	  The property of a converging lens is to focus
 
light.  When there is a converging lens, the
 
image will be clear.
 
b.	  A converging lens flips the image over and an
 
erect image will appear on the screen.
 
c.	  The light rays become converging rays after pass­
ing through a converging lens and the real image
 
will appear.
 
d.	  It does not a matter whether there is a converg­
ing lens or not.  There will be no image on the
 
screen because we can't see through a frosted
 
bulb to the object, a horseshoe-shaped filament.
 
3.	  If we move screen C toward lens B, would anything
 
change on the screen?
 
A.	  The image immediately becomes blurred and then
 
quickly disappears.
 
B.	  The image becomes blurred because it is out of
 
focus, and the size of the image will be en­
larged.
 
C.	  The image becomes blurred because it is out of
 
focus and the size of the image will be small.
 
D.	  The image will get smaller, go to a point, invert
 
and then become enlarged.
 
Diagram supporting the answer above:
 
b.
 
411k.  1.11Mal.. 
c.
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4.	  If the screen is removed, which of the following items
 
is correct?
 
A.	  No image appears.
 
B.	  We might be able to see the image on the wall be­
yond the screen along the lens axis.
 
C.	  We might be able to see an image if we can place
 
our eyes at the screen position.
 
D.	  If we move beyond the initial screen position and
 
look along the lens axis toward the lens, we will
 
be able to see an image.
 
Reason:
 
a.	  The image is located at the same position where
 
the screen has been.  We are able to see an image
 
because our eye is in the position of the screen.
 
b.	  An image occurs in the lens.
 
c.	  An image occurs only on opaque surfaces.
 
d.	  An image appears in our vision, but since our eye
 
is not a screen, the actual image will only ap­
pear on the nearest flat surface.
 
5.	  If we use a piece of cardboard DE to cover the upper
 
half of the lens, leaving the lower half uncovered,
 
would anything change on the screen?
 
A.	  A whole image still appears on the screen but the
 
brightness of the image is not changed.
 
B.	  A whole image still appears on the screen and the
 
brightness of the image is diminished.
 
C.	  Half of the image will disapppear, but the amount
 
of light from the object is not changed.
 
D.	  Half of the image will disappear and the amount
 
of light from the object will also diminish.
 
Reason:
 
a.	  Light rays can go through the uncovered part, but
 
this will diminish brightness.
 
b.	  Light rays can go through the uncovered part and
 
its brightness will not change.
 
c.	  If half the light is blocked from passing through
 
the lens, half the image and half the brightness
 
will vanish.
 
d.	  If half the light is blocked from passing through
 
the lens, half the image will vanish, but because
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of the diffraction property its brightness will
 
not change.
 
6.	  An experiment kit consists of a vertical plane mirror
 
about 20 X 30 cm in size.  An object is placed about
 
10 cm in front of the mirror.  An observer is seated
 
about 50 cm in front of the mirror, slightly to the
 
right of the object.  Where will an observer see an
 
image?
 
I 1
 
C' 
64mmt
 
A.	  10 cm behind the mirror along the perpendicular
 
line between the mirror and the observer (line
 
#1) .
 
B.	  10 cm. behind the mirror along the perpendicular
 
line between the mirror and the object (line #2).
 
C.	  10 cm behind the mirror along the line that pass­
es between the observer and the object (line
 
#3) .
 
D.	  About 10 cm behind the mirror on a line of sight.
 
Reason:  Because the diagram of light ray is...
 
,9 
1"oce. a.	  b.
 
to (Lys% 
04QA9vt,
 
(34-4'11  C1/44.1.RX
 
c.	  d.
 
4r)Zr  I oar,*
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7.	  If an observer is moved to the left of the previous
 
position, as shown below,
 
LA rOTYOY
 
06104A,
 
where will the image be located?
 
A.	  The image will shift its position to the left be­
hind the mirror.
 
B.	  The image will be 10 cm behind the mirror along
 
the line of sight between the observer's eye and
 
the object.
 
C.	  The image will shift its position to the right
 
side behind the mirror, along the line connecting
 
the object and the observer.
 
D.	  The position of the image doesn't change.  It
 
still remains at the previous position, as in
 
item #6.
 
Reason:  Because diagram of the answer is...
 
A) INA1441e, 
b.
 
OtAM 
4111MtValt 
d.
 
8.	  An observer is seated in a position that is no longer
 
directly in front of the mirror, but is beyond the
 
right edge.  The object is also placed beyond the
 
right edge so that the position of the object and the
 
observer lie along a line that intersects the mirror,
 
as shown.
 
114,,,,t0A/ 
LOttA
 
OD 0442.1001
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Which statement is correct according to scientific
 
principles?
 
A.	  An observer can see an image located on a line of
 
sight.
 
B.	  According to the law of reflection, an observer
 
can see an image located behind the mirror.
 
C.	  According to the law of reflection, an observer
 
can't see an image because the image will be
 
located in front of the mirror instead of behind
 
the mirror.
 
D.	  An observer can't see an image because the  ob­
server is not in the path of the necessary light
 
ray reflecting from the mirror.
 
A diagram for supporting this idea is...
 
a.
  4:)-1  4.414.	  b.
 
tow".	  .
  .
 
lOevA  061'4 
otowex, 
c.	  d.
 
9. 9.
  A small rectangular mirror is held vertically about
 
one meter in front of the student. The mirror is
 
positioned so that the top of the student's head
 
appears at the top edge of the mirror.  The student
 
finds that the image in the mirror extends to about 20
 
cm below neck level.  What can the student do to see
 
more of himself in the mirror?
 
A.	  The student can see his whole body by moving
 
backward so that the angle of view at the mirror
 
becomes wider.
 
B.	  The student can see his whole body by moving away
 
when more of his image will fit into the mirror.
 
C.	  A mirror's position must be vertical and below
 
the student's head, then he will see his whole
 
body.
 
D.	  There is nothing that can be done as long as the
 
mirror is held and fixed in a vertical position
 
and the size of mirror is not changed.
 
A diagram for supporting the answer is...
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a.	  b.
 
d.
 
a and b
 
10.	  Which is the definition of light?
 
A.	  Light is a form of energy.
 
B.	  Light travels unlimited distance.
 
C.	  Light is energy that stimulates a sense of see­
ing.
 
D.	  Light is an electromagnetic wave.
 
A supporting reason is...
 
a.	  Light can go through space.
 
b.	  Light has an infinite speed.
 
c.	  The eye is a light receiver.
 
d.	  We can see light even when it comes from the uni­
verse.
 
11	  According to the scientific method, which sentence is
 
correct?
 
A.	  Light and heat are the same thing.
 
B.	  Light contains warmth.  We can prove this by
 
hanging a wet cloth outside in the light.  The
 
cloth will become warm and dry.
 
C.	  Light doesn't contain warmth in itself.  Heat is
 
radiated from a source of light.
 
D.	  Light and heat are not the same thing, but are
 
found in exact proportions.
 
Reason:
 
a.	  The more light, the more warmth.
 
b.	  Light contains warmth and transfers it to any ob­
ject that it hits.
 
c.	  Both light and heat are energy, which can trans­
form from one form to another.
 
d.	  Light is an electromagnetic wave, but heat is an
 
infrared wave.
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12.	  If we shine a beam of light into a room that has no
 
dust, describe the light beam that you can observe in
 
that room?
 
A.	  With no dust, we can see the light beam clearly.
 
B.	  Light doesn't need a medium for traveling to the
 
eye, so the dust doesn't effect sight.
 
C.	  We cannot see the light beam.  Light needs a
 
medium to travel to the eye.
 
D.	  We cannot see the light because there must be a
 
reflector to get light to the eye.
 
Reason:
 
a.	  Light can travel through transparence, translu­
cence, and space as well.
 
b.	  Dust is a reflector.  Light reflects dust to the
 
eye.
 
c.	  Light is an energy.  It has no colors of its own
 
so it required a medium to pass through.
 
d.	  How clear one's vision is depends on the amount
 
of dust in the air.
 
13.	  Why can an object be seen if it is black or white?
 
A.	  Because there is a black light or a white light
 
which enters the eyes.
 
B.	  Because the object's color is black or white and
 
the color shines into the eyes.
 
C.	  Because if a light reflecting from the object
 
doesn't enter the eye, we consider it to be black
 
in color.  On the other hand, if the reflection
 
of a reflecting light enters the eyes, we con­
sider it to be white in color.
 
D.	  Because if a refracting light from the object
 
doesn't enter the eyes, we consider it to be
 
black in color.  On the other hand, if a refract­
ing light enter the eyes, we consider it to be
 
white in color.
 
Supportive details:
 
a.	  To see any color is dependent on whether or not
 
that color of light enters the eyes.
 
b.	  Black objects obsorb all of the incident light
 
and reflecting light cannot enter the eyes.  But
 
white color reflects all of the incident rays and
 
enters the eyes.
 
c.	  Color is purely a property of an object, not of
 
the light itself.
 
d.	  In the air, black color light refracts light at
 
lower levels than white light.
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14.	  How do we see objects?
 
A.	  The light reflection from an object enters the
 
eyes.
 
B.	  Light from a source of light reflects from an ob­
ject and enters the eyes.
 
C.	  The light rays from an object enter the eyes.
 
D.	  An image occurs at the retina.
 
Because:
 
a.	  This is a property of light reflection.
 
b.	  When the retina is stimulated, we see images.
 
c.	  Light from an object stimulates a sense of see­
ing.
 
d.	  If there is no light to reflect at an object,  no
 
image can be seen.
 
15.	  How far can light travel?
 
A.	  It can travel until the energy is dissipated.
 
B.	  It can travel infinitely if it doesn't encounter
 
an opaque object.
 
C.	  Light can travel infinitely.
 
D.	  The distance light can travel is limited by the
 
extent of its visible effect.
 
Reason:
 
a.	  Light is a kind of energy.  When it travels dis­
tances, energy is transferred to the medium
 
until it is dissipated.
 
b.	  Light is seen because the optical nerve is alert­
ed.  Thus, the distance that light can travel is
 
limited by the vision.
 
c.	  Light is an electromagnetic wave.  Because light
 
travel is not dependent on the medium, light can
 
travel infinitely.
 
d.	  Both b and c.
 
16.	  Which statement is correct?
 
A.	  The object that has a color, can be seen only if
 
its color is different from the background.
 
B.	  All colors together form ranges of light with
 
intensities from black to white.
 
C.	  A black colored light has the lowest effect on
 
the optical nerve.
 
D.	  Sun light is a white light.
 
Reason:
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a.	  Components of white light will range from ultra­
violet to infrared.  It can be confirmed by
 
using a prism.  A prism will disperse the white
 
light into its components.
 
b.	  A black colored light has the lowest intensity.
 
c.	  The optical nerve can't separate a given color if
 
it is alerted by a similar color.
 
d.	  The intensity of light is in proportion to its
 
wavelength.
 
17.	  If we shine a green colored light onto a red colored
 
light on a white surface, what color will be seen?
 
A. White	  B. Yellow
 
C. Black	  D. Magenta
 
Because:
 
a.	  It is a compound color.
 
b.	  It depends upon the surface.
 
c.	  A green colored light and a red colored light
 
will mutually absorb until there is no light
 
reflection to enter the eyes.
 
d.	  It depends upon the principles of color mixture.
 
18.	  Consider these given objects:
 
1. Sun, 2. Flashlight,  3. Lamp, 4. Candle.
 
Which one is a source of "light"?
 
A. #1 only	  B. #2, #3 and #4
 
C. #1, #2, #3, and #4  D. Not any of these choices
 
Reason:
 
a.	  All of them are sources of light.
 
b.	  Sources of light and light have the same meaning.
 
c.	  These objects cannot light themselves.
 
d.	  Both b and c.
 
19.	  "When the light source is switched on, a room is illu­
minated immediately."  From this sentence, can we say
 
the light has infinite speed?
 
A.	  Yes, we can.  The velocity of light is an approx­
imate measure.
 
B.	  Yes, we can.  The light has a speed faster than
 
our eyes can detect.
 
C.	  Yes, we can.  Light in this situation occurs by
 
transformation from electrical energy.
 148 
D.	  No, we can't say that.  We can measure speed of
 
light even if its speed is faster than our eyes
 
can detect.
 
Reason:
 
a.	  Light velocity is about 186,000 miles/sec.
 
b.	  High speed and infinite speed have different
 
meanings.
 
c.	  Light is a kind of energy that is transformed
 
from other energies.
 
d.	  Both a and b.
 
20.	  Why do the sky and the sea have the same blue colors?
 
A.	  Lights reflects from the sea to the sky.
 
B.	  It is the effect of the scattering of light.
 
C.	  In the afternoon, blue colored light can refract
 
better than other colors.
 
D.	  It is the nature of the sky that it has a blue
 
color.
 
Reason:
 
a.	  In the afternoon, blue color light reflects
 
better than other colors, reflecting its color
 
toward the sky.
 
b.	  The sea has a lot of space area, the reflection
 
of light on the sea surface and the sky are
 
close.  As we have seen, it looks like the same
 
colors.
 
c.	  The blue colored light can reflect up to the sky
 
and refract it to the eye better than the other
 
colors.
 
d.	  The blue colored light can scatter and enter the
 
eye better than the other colors.
 
21.	  Which optical instruments provide only erect images?
 
A.	  a converging mirror  B.  a concave mirror
 
C.	  a plane mirror  D.  Both a and c
 
Reason:
 
a.	  A property of a converging lens is that it dis­
perses light.  Light rays are supposed to focus
 
only in front of the mirror.
 
b.	  A converging mirror or a concave mirror can pro­
vide a real image when an object is located near
 
a surface mirror.
 
c.	  Depending on the position in which the object is
 
located, all types of mirrors can provide real
 
images.
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d.  It is a property of a plane mirror that only
 
erect images can form behind the mirror.
 
22.	  If an object is located in front of a converging lens,
 
what kind of image will occur?
 
A.	  An real image behind a converging lens.
 
B.	  A real image in front of a converging lens.
 
C.	  An erect image behind a converging lens.
 
D.	  An erect image in front of a converging lens.
 
A diagram to support my answer is...
 
a.	  b.
 t 
<F
 
c.	  d.
 
23.	  Which statement is correct?
 
A.	  Shadow formation on a cloudy day occurs with
 
ease, but is difficult to observe compared to
 
clear days.
 
B.	  Shadow formation on a cloudy day occurs with
 
ease, but is hard to observe compared to cloudy
 
days.
 
C.	  Shadow formation is not dependent on the condi­
tion of the sky.
 
D.	  On a cloudy day, shadow formation is not possi­
ble.
 
Reason:
 
a.	  Clouds absorb the sunlight.
 
b.	  Light rays passing clouds are a non-rectilinear
 
propagation of light.
 
c.	  On a cloudy day, light intensity is higher than
 
for clear days, but because of the diffuse light
 
it will be hard to form shadows.
 
d.	  On a cloudy day, light intensity is lower than
 
for clear days.  Thus, no shadows will be formed.
 
24.	  The shadow size, bigger, smaller, or equal to an
 
object depends on...
 
A.	  Distance of an object from a source of light and
 
distance of an object from a screen.
 
B.	  The size of a source of light and an object.
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C.	  The illumination of a source of light.
 
D.  The size of a screen.
 
Reason:
 
a.	  The size of a shadow is large when the distance
 
from an object to a screen is small.  Simulta­
neously, if a screen is far from an object, the
 
shadow will be large.
 
b.	  If the size of a source of light is large than an
 
object, a shadow will be smaller than the object.
 
c.	  A larger surface for a big screen will provide a
 
larger shadow on that screen.
 
d.	  A diminished illumination produces a big shadow.
 
An example is that a shadow during the sunset is
 
longer than at noon.
 
25.	  From the following statements, which one is correct?
 
A.	  Humans and animals can't see anything if there
 
is no light available.
 
B.	  Humans can see everything in the dark.
 
C.	  Only animals can see in the dark.
 
D.	  Humans cannot see in the dark as clearly as ani­
mals.
 
Reason:
 
a.	  Animals have a special capability for seeing
 
everything in the dark better than humans.
 
b.	  The human iris has vision limits.
 
c.	  Light is necessary for seeing.  No light means
 
nothing can be seen.
 
d.	  The iris can be adjusted by the condition of the
 
light.
 
26.	  If light travels from air to water,  as shown below,
 
zjf 
which answer is correct?
 
A.	  The angle of incident will be larger than the
 
angle of refraction.
 
B.	  The ratio of the sine of the angle of incident
 
and the sine of the angle of refraction is an
 
index of air.
 
C.	  We can't see a light reflection in this phenome­
non.
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D.	  The angle of refraction is bigger than the angle
 
of incident.
 
Because:
 
a.	  Reflected light becomes refracted light.
 
b.	  Light travels from the thin medium to the thick
 
medium, so the angles of refraction will be
 
smaller than the angles of incident.
 
c.	  The angle of refraction is the angle between the
 
water surface and refracted rays.
 
d.	  This is a definition of an index of refraction.
 
27.	  When light travels from one medium to another,  a re­
fraction phenomena occurs.  If light travels toward a
 
perpendicular line from air to water, which of the
 
following is correct?
 
A.	  There is no refraction in this case because the
 
incident ray is on the normal line.
 
B.	  There is no refraction because there is total
 
internal reflection.  The light goes backward
 
until we can't see a refraction phenomena.
 
C.	  There is a refraction phenomena, but the light
 
reflects backward so it is very hard to say that
 
a refraction is not possible to observe.
 
D.	  There is a refraction phenomena because light
 
travels through two media.
 
Reason:
 
a.	  Light travels in a straight line.
 
b.	  Light doesn't change its direction.
 
c.	  Refraction will occur when the direction or the
 
velocity is changed.
 
d.	  Two phenomena, a reflection and a refraction,
 
will occur simultaneously, but inclination toward
 
one phenomena is dependent upon the medium.
 
28.	  Why will the light passing through a clear red glass

be red in color?
 
A.	  Because light passing through a clear red glass
 
is white light, but the red pigment in that glass
 
activates red colored light entering the eye bet­
ter than other colors.
 
B.	  The red color observed is the color of the  ob­
ject, not the color of light.
 
C.	  The red color that enters the eye is light re­
flected from red colored glass.
 
D.	  Clear red glass absorbs other colored lights and
 
lets most of the red colored light pass through.
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Reason:
 
a.	  A clear red glass acts as a red filter.
 
b.	  The light passing through colored glass will be
 
changed by the pigment of the glass.
 
c.	  For light colors blue, red and green, red light
 
has an intensity higher than the others.  Thus,
 
it can be observed easily and clearly.
 
d.	  A reflection and a refraction phenomena will
 
occur simultaneously, but it will incline toward
 
one of the phenomena, dependent on the medium.
 
29.	  Think about the lightning phenomenon which occurs
 
before thunderstorms.  Which statement is correct?
 
A.	  We can only see the part of the lightning flash
 
that is reflected into the eye.
 
B.	  A lightning flash is an example of non-

rectilinear propagation.
 
C.	  A flash is a kind of a light ray.
 
D.	  A lightning flash that enters the eye travels in
 
a straight line.
 
Reason:
 
a.	  A flash is the product of ion exchange in the
 
air.
 
b.	  The refracting angle of the light is necessary
 
for vision.  It must be an appropriate angle to
 
enter the eye.
 
c.	  A flash is not a light ray.
 
d.	  There are two kinds of light propagation, rec­
tilinear and non-rectilinear.
 
30.	  Half way between an observer and an object, what is
 
the size of an existing image when compared to the
 
object?
 
A.	  Half  B.  Larger
 
C.	  Equal  D.  The question is unclear.
 
Reason:
 
a.	  It follows from the law of perspective.
 
b.	  It follows from this diagram.
 
c.	  Both a and b.
 
d.	  The kind of optical instrument and distance from
 
the object are not given in this question.
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Appendix D
 
Percentages of Responses by Item,
 
Scores for High and Low Groups
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Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
1  a  L  2.78  5.16  .79  5.56  -
H  1.98  .79 
b  L  1.19  2.78  21.43*  7.14 
H  .40  1.98  55.56*  2.78 
c  L  13.89  .40  1.98  6.35 
H  1.59  - .79  .79 
d  L  7.94  2.38  1.59  18.65 
H  4.76  .79  .40  27.38 
no  L  -
ans  H  .40  -
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
2  a  L  .40  .79  .79  .40 
H  .40  .40  -
b  L  .79  1.19  7.94*  59.92  .40 
H  .40  .79  27.70*  62.00  .40 
c  L  3.57  .79  3.97  3.57  -
H  1.59  .40  .79 
d  L  8.33  1.19  2.78  1.98  .79 
H  2.38  0.79  .40  .79  .40 
no  L  .40 
ans  H  - - .79 
*  the correct answer and reason response. 
no responses in this category. 
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Item  %Lower  Reason 
#  Ans 
,%Higher  1  2  3  4  9 
3  a  L  1.98  1.59  5.95*  2.38  .40 
H  5.95  .40  28.17*  1.19 
b  L  9.92  12.30  5.95  19.44  .79 
H  7.94  1.19  2.38  15.48  .79 
c  L  2.38  1.59  9.92  2.78 
H  3.57  .40  5.16  .79  -
d  L  3.57  .40  16.27  5.56  .79 
H  .79  19.84  5.56  .40 
no  L  - -
ans  H  - - -
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
4  a  L  1.59  1.19  15.87  4.76 
H  .40  .79  14.29  2.38  1.19 
b  L  1.19  .79  14.29  48.41 
H  .79  .40  4.76  37.62  .40 
c  L  .40  1.59  .79  .79  -
H  .40  .40 
d  L  5.56*  1.19  1.59 
H  33.39*  .40  .40  1.59 
no  L  - - - -
ans  H  - .40 
*  the correct answer and reason response. 
- no responses in this category. 
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Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
5  a  L  .79  6.35  1.59  .40  -
H  .79  1.59  .40  -
b  L  14.65*  2.78  .40  .79  .40 
H  34.42*  0.79  .40 
c  L  1.19  2.78  34.13  2.78 
H  .40  .40  37.70  .40 
d  L  1.59  .40  2.78  25.79 
H  .40  .40  21.83  -
no  L  .40 
ans  H  - - - -
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
6  a  L  7.94  2.78  3.57  2.38  .40 
H  2.78  3.57  1.19 
b  L  6.75  11.11*  8.73  3.97  .79 
H  .40  64.68*  2.38  .40 
c  L  2.38  7.54  9.13  11.11  .79 
H  .40  7.14  3.57  5.95 
d  L  3.17  2.38  6.75  6.35 
H  .79  3.17  1.19  1.98 
no  L  .40  - 1.59 
ans  H  - .40 
*  the correct answer and reason response. 
no responses in this category. 
9  no answer. 157 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
7  a  L  12.30  1.98  3.17  2.38  -
H  5.56  .40  .40  1.98 
b  L  .79  5.56  2.38  4.37  .40 
H  .40  1.98  .79  7.54  -
c  L  4.37  3.97  21.03  15.48  .40 
H  .79  2.78  5.95  11.11  -
d  L  3.17  5.56  4.37  7.54*  .40 
H  .40  7.54  .40  51.19* 
no  L  .40 
ans  H  - - - - .79 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
8  a  L  13.89  4.76  2.78  1.59  -
H  9.52  1.19  .40  -
b  L  7.94  4.76  3.97  1.19  -
H  2.38  2.78  1.19  .40 
c  L  3.57  7.54  12.70  6.35  .40 
H  .79  .40  7.14  4.37  -
d  L  1.98  8.73  4.76  12.70* 
H  .79  5.56  4.76  57.54*  -
no  L  .40 
ans  H  - - - .79 
*  the correct answer and reason response. 
- no responses in this category. 
9  no answer. 158 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
9  a  L  26.59  5.16  6.35  1.98 
H  23.02  2.78  2.78  .40 
b  L  13.10  20.24  5.16  3.57  -
H  2.78  19.05  1.98  .40 
c  L  .40  .79  6.35*  2.38 
H  - - 27.79*  8.33  -
d  L  .79  1.19  4.37  1.59 
H  .49  .40  9.52  .40  -
no  L 
ans  H  - - -
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
10  a  L  1.19  .40  1.19  -
H  .40  .40  .40 
b  L  1.59  23.41  3.97  1.59 
H  .40  11.90  1.59  .79  -
c  L  2.38  20.24  4.76  18.65*  1.19 
H  2.78  3.57  63.49*  1.19 
d  L  1.98  3.57  9.92  3.97  -
H  4.37  1.59  5.16  1.19 
no  L  - -
ans  H  - - - .79 
*  the correct answer and reason response. 
no responses in this category. 
9  no answer. 159 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
11  a  L  16.27  2.38  1.19  3.97  .40 
H  6.35  .40  .40  2.38 
b  L  7.54  2.38  1.59  3.17  -
H  1.98  .79  - 1.98  -
c  L  2.78  19.84  20.24  1.59  -
H  12.30  6.75  .79 
d  L  1.59  10.32*  2.78  1.59  .40 
H  .40  64.68*  .40  - -
no  L  - -
I  ans  H  - .40 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
12  a  L  7.14  2.38  .79  .40 
H  6.35  .40 
b  L  7.14  13.49  8.73  2.38 
H  3.17  8.73  7.14  .40  .40 
c  L  1.19  26.19  2.38  7.14 
H  .79  14.29  .40  3.97  -
d  L  2.38  8.73*  3.17  5.95 
H  1.19  50.00*  .40  1.98 
no  L  - - .40 
ans  H  .40 
*  the correct answer and reason response. 
no responses in this category. 
9  no answer. 160 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
13  a  L  7.94*  .40  1.19  .79  -
H  28.97*  - - -
b  L  5.16  2.38  4.76  43.25 
H  1.19  .40  2.78  48.81  .40 
c  L  7.14  1.19  14.68  1.59  -
H  1.19  .40  14.68  -
d  L  1.59  6.75  .79  .40 
H  0.79 
no  L  -
ans  H  - - - .40  _ 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
14  a  L  6.75  1.19  12.30  .79  -
H  1.59  10.71  .40 
b  L  5.56  2.38  3.17  3.57  .40 
H  1.19  .79  .40  1.19  -
c  L  .40  9.52  3.97  1.19 
H  5.95  1.19  -
d  L  42.46*  1.19  1.59  2.78 
H  75.79*  .79  - -
no  L  .40  .40 
ans  H 
*  the correct answer and reason response. 
no responses in this category. 
9  no answer. 161 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
15  a  L  5.56  2.78  5.95  1.98  .40 
H  .79  1.59  .40 
b  L  1.19  1.19  5.16  .40  .40 
H  .40  .40  -
c  L  5.16  10.71  1.98  8.33  .40 
H  .79  1.19  .40  -
d  L  36.51*  3.57  1.98  5.95  -
H  91.27*  .79  1.19  .40  .40 
no  L  .40  -
ans  H  - -
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
16  a  L  3.17  1.59  3.17  4.37  -
H  1.59  .79  -
b  L  3.57  5.95  3.17  6.75 
H  1.59  1.98  1.19  .40 
c  L  .40  1.59  21.83  1.98  -
H  - .40  6.75  .40 
d  L  14.29  7.94  3.17  16.27*  -
H  12.30  7.14  .79  63.49*  .79 
no  L  - .79 
ans  H  - .40 
*  the correct answer and reason response. 
no responses in this category. 
9  no answer. 162 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
17  a  L  5.56  10.71  6.75  3.57  .79 
H  5.16  7.54  3.17  .79  .40 
b  L  1.98  6.75  5.95  15.08* 
H  1.19  3.17  3.97  37.30*  .40 
c  L  1.59  17.86  8.73  5.16  1.19 
H  .79  17.06  3.97  7.14  .79 
d  L  1.19  4.37  .79  1.59  .40 
H  1.19  3.57  - 1.59  .40 
no  L  -
ans  H  - - - - .40 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
18  a  L  3.57  .40  2.38  5.16  .40 
H  1.59  - - .79 
b  L  3.17  3.57  10.32  3.17  1.19 
H  .40  1.19  1.19  1.59  .79 
c  L  1.19  5.16  7.94  3.97 
H  .40  8.33  .79  1.59  .79 
d  L  15.48  3.97  4.37  23.81*  .79 
H  18.65  1.98  57.94*  .40 
no  L  -
ans  H  - - - 1.59 
*  the correct answer and reason response. 
no responses in this category. 
9  no answer. 163 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
19  a  L  3.57  2.78  9.52  47.22  -
H  1.98  4.37  7.54  33.86  -
b  L  1.98  3.57  5.16*  2.78 
H  2.38  1.59  29.22*  3.57  .40 
c  L  1.98  2.38  1.98  .79  -
H  1.19  .79  .40  .40  .40 
d  L  8.33  1.19  2.78  3.97  -
H  7.54  .40  .40  3.57  .40 
no  L  - - -
ans  H  - - .40 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
20  a  L  42.06*  2.78  5.16  14.68  2.38 
H  80.95*  .79  .40  .79  1.19 
b  L  3.97  5.95  1.59  3.57  -
H  .79  6.75  .40  1.59 
c  L  2.78  1.19  1.19  7.14 
H  - .40  .40  4.76 
d  L  1.19  .79  .40  1.98 
H  - - - .40 
no  L  - 1.19 
ans  H  - - - - .40 
the correct answer and reason response. 
no responses in this category. 
9  no answer. 164 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
21  a  L  1.19  2.38  6.35*  1.98  .79 
H  1.59  47.62*  1.19 
b  L  .79  3.17  1.98  .79  -
H  - - - -
c  L  6.75  4.76  2.38  1.98 
H  5.16  4.76  .40  - -
d  L  18.25  18.65  3.17  23.81  .40 
H  15.48  5.95  - 17.06  .79 
no  L  .40  - -
ans  H  - - - -
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
22  a  L  5.16  2.38  5.16  1.98 
H  7.14  8.33  .79  2.38  .40 
b  L  4.37  6.35  6.75  5.95 
H  2.78  2.38  1.19  2.78 
c  L  3.97  3.57  9.92  3.57  -
H  1.59  2.38  8.33  2.78 
d  L  2.38  2.38  27.38*  7.54  .40 
H  .40  3.17  49.60*  3.57  -
no  L  .40  .40 
ans  H  - - - - -
*  the correct answer and reason response. 
no responses in this category. 
9  no answer. 165 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
23  a  L  3.97  2.78  5.16  6.75  -
H  3.97  .79  2.78  .40 
b  L  1.98  3.97  2.38  2.38 
H  .79  1.59  .40  1.19  -
c  L  3.97  1.59  4.76  14.68 
H  1.59  .40  .79  7.94 
d  L  9.52*  2.38  14.29  18.65  .40 
H  60.71*  3.57  2.38  10.32  .40 
no  L  .40 
ans  H  - - -
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
24  a  L  4.76  60.71  1.59  2.39  -
H  3.17  45.63  .40  1.19  -
b  L  1.19  3.57  2.38  1.59 
H  .40  1.59  .79  1.19 
c  L  4.37  1.98  1.59  2.38  .40 
H  5.95  .40  .40  .40  -
d  L  1.19  1.98  4.76*  3.17  -
H  .79  1.59  35.00*  1.19  -
no  L 
ans  H  -
*  the correct answer and reason response. 
- no responses in this category. 
9  no answer. 166 
Item  %Lower  Reason 
#  Ans 
%Higher  1  2  3  4  9 
25  a  L  9.52  19.44  3.17  1.19  -
H  10.71  13.89  .79 
b  L  5.16  5.95  19.84  1.59  -
H  1.59  3.57  25.00  - .40 
c  L  4.37  4.76  4.37  2.78  -
H  3.97  2.78  1.59  .40 
d  L  1.59  1.98  1.59  11.90* 
H  .40  1.98  32.14*  .79 
no  L  .40  .40  - - -
ans  H  -
*  the correct answer and reason response. 
no responses in this category. 
9  no answer. 167 
Appendix E
 
Subject Mean Scores by Variable
 
Type of school
 
Co-educational schools
 
Female schools
 
Male schools
 
Grade Level
 
10th graders
 
11th graders
 
12th graders
 
Gender
 
Male
 
Female
 
School
 
Within Type
 
I.D.
 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
Type
 
C
 
C
 
C
 
C
 
F
 
F
 
M
 
M
 
Number of samples  Mean
 
448  6.27
 
246  8.06
 
238  8.95
 
Number of samples  Mean
 
352  8.09
 
337  7.26
 
243  6.69
 
Number of samples  Mean
 
209  6.31
 
239  6.13
 
Number of samples  Mean
 
115  5.58
 
126  7.27
 
108  6.32
 
99  6.51
 
122  7.56
 
124  8.55
 
111  7.28
 
127  10.42
 
Where C = coeducational school,  = female,  = male.
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L  Mean scores for all schools by grade level. 
1  2  3  4  5  6  7  8 
10  5.53  6.98  5.98  6.40  9.89  8.94  11.47  8.19 
11  5.40  7.40  5.70  6.14  10.11  7.50  9.74  7.53 
12  5.12  6.52  5.92  6.05  7.78  7.10  9.88  7.27 
Where L = grade level. 169 
Appendix F
 
Item Difficulty, Item Discrimination and
 
Item-Total Score Correlation
 
Item  Item  Item-total score 
Item  Difficulty  Discrimination  Corrrelation 
1  0.38  0.34  .32 
2  0.18  0.20  .19 
3  0.17  0.22  .20 
4  0.19  0.28  .21 
5  0.25  0.20  .20 
6  0.38  0.54  .43 
7  0.29  0.44  .30 
8  0.35  0.45  .24 
9  0.17  0.21  .19 
10  0.41  0.45  .40 
11  0.38  0.54  .41 
12  0.29  0.41  .27 
13  0.18  0.21  .20 
14  0.59  0.33  .25 
15  0.64  0.55  .45 
16  0.40  0.47  .34 
17  0.26  0.22  .20 
18  0.41  0.34  .30 
19  0.17  0.24  .19 
20  0.62  0.39  .30 
21  0.27  0.41  .29 
22  0.37  0.22  .20 
23  0.35  0.51  .35 
24  0.20  0.30  .25 
25  0.22  0.20  .20 170 
Appendix G
 
Distribution of Responses by Item
 
Two-Tiered Optics Misconception Test
 
R1 
ANS  L10  L11  L12 
a  .57  .89  1.23  1.24  .45  1.56  .21 
b  .28  1.19  .41  .82  .45  .67  .62 
c  5.68  9.79  7.00  7.84  7.16  9.60  5.58 
d  7.95  6.23  4.94  7.22  5.82  6.70  6.40 
a  .00  .30  .41  .21  .22  .22  .21 
b  .28  .59  1.23  .82  .45  .45  .83 
c  1.42  3.56  2.88  1.86  3.36  2.90  2.27 
d  3.13  6.23  4.12  4.95  4.03  3.79  5.17 
a  5.68  2.08  3.70  3.92  3.80  3.13  4.55 
b  20.45  12.76  12.76  15.05  16.33  14.06  17.15 
c  2.56  2.97  4.53  3.92  2.46  3.79  2.69 
d  1.42  .59  2.47  .82  2.01  2.01  .83 
a  .57  .89  2.06  .62  1.57  1.12  1.03 
b  .00  1.19  2.06  1.24  .67  1.34  .62 
c  12.78  7.72  12.76  8.25  13.87  9.60  12.19 
d  2.27  3.26  .41  1.24  3.13  2.01  2.27 
a  1.14  1.48  .00  .21  1.79  .67  1.24 
b  28.41  13.65  18.11  20.41  20.36  22.99  17.98 
c  .85  .59  .41  .62  .67  .67  .62 
d  1.70  .89  .41  1.24  .89  1.56  .62 
a  5.97  6.53  5.76  6.39  5.82  7.81  4.55 
b  1.42  5.04  3.70  4.12  2.46  3.35  3.31 
c  1.14  .89  2.47  1.86  .89  2.46  .41 
d  1.14  2.37  1.23  1.65  1.57  1.79  1.45 
a  7.67  8.90  9.88  8.04  9.40  10.71  6.82 
b  1.42  .89  .82  .62  1.57  .67  1.45 
c  2.27  2.67  1.65  3.30  1.12  3.35  1.24 
d  1.14  3.26  2.47  3.51  .89  2.68  1.86 
a  14.20  14.24  13.58  13.61  14.54  13.17  14.88 
b  5.11  5.34  3.29  6.60  2.68  5.80  3.72 
c  .85  2.67  1.65  1.65  1.79  2.01  1.45 
d  1.99  2.08  1.23  1.03  2.68  1.34  2.27 
a  22.44  25.82  28.40  27.22  23.04  26.12  24.38 
b  8.24  8.01  8.64  9.69  6.71  11.61  5.17 
c  .00  .00  .82  .00  .45  .45  .00 
d  .28  .89  1.65  .62  1.12  .67  1.03
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ANS  L10  L11  L12 
10  a  .00  .30  1.23  .62  .22  .89  .00 
b  1.70  1.19  .41  1.24  1.12  1.79  .62 
c  1.42  .30  1.65  .82  1.34  1.12  1.03 
d  4.55  3.26  4.53  3.51  4.70  3.79  4.34 
11  a  9.09  12.17  17.70  15.67  8.95  13.62  11.36 
b  3.13  6.53  5.76  6.19  3.80  6.04  4.13 
c  1.42  2.37  2.47  1.86  2.24  2.90  1.24 
d  .85  .30  1.65  .41  1.34  1.12  .62 
12  a  5.11  6.53  7.41  5.77  6.71  6.92  5.58 
b  7.10  4.15  4.53  6.39  4.25  5.80  4.96 
c  .28  .59  2.06  .82  .89  .89  .83 
d  2.27  1.48  2.06  1.86  2.01  2.23  1.65 
13  a  16.19  19.29  17.70  15.88  19.69  16.96  18.39 
b  2.27  2.97  4.12  2.47  3.58  4.24  1.86 
c  4.26  2.97  2.88  3.30  3.58  3.57  3.31 
d  .00  1.48  .00  .41  .67  .67  .41 
14  a  2.56  3.26  6.17  3.71  3.80  4.02  3.51 
b  1.14  4.45  3.70  2.68  3.36  3.35  2.69 
c  .28  .30  .83  .21  .67  .67  .21 
d  68.47  62.61  49.38  68.45  53.69  57.81  64.67 
15  a  2.27  4.15  3.70  3.09  3.58  4.24  2.48 
b  .28  1.48  .82  .41  1.34  .89  .83 
c  1.99  2.67  1.65  2.06  2.24  2.46  1.86 
d  69.32  64.09  67.08  68.04  65.55  56.25  76.65 
16  a  1.99  2.08  3.70  2.47  2.46  2.90  2.07 
b  1.70  2.67  2.88  2.06  2.68  3.35  1.45 
c  .28  .00  .00  .00  .22  .00  .21 
d  15.63  19.29  17.70  15.05  20.13  17.41  17.56 
17  a  6.25  5.93  4.12  5.57  5.59  6.47  4.75 
b  2.27  1.78  2.06  1.44  2.63  2.23  1.86 
c  1.42  .59  2.06  1.24  1.34  1.79  .83 
d  .85  1.19  .82  .82  1.12  1.12  .83 
18  a  1.99  3.26  2.88  2.68  2.68  3.13  2.27 
b  1.42  2.08  5.35  3.71  1.57  3.13  2.27 
c  .57  .89  2.06  .82  1.34  1.79  .41 
d  20.45  18.69  13.99  19.18  17.00  18.08  18.18 
19  a  10.23  9.79  7.41  10.52  8.05  11.38  7.44 
b  1.99  .59  2.06  .82  2.24  .89  2.07 
c  .57  .59  1.23  .82  .67  .89  .62 
d  4.83  8.61  7.41  7.63  6.04  7.14  6.61 
20  a  62.22  70.62  70.37  68.04  66.67  61.38  72.93 
b  1.99  1.78  .82  .62  2.68  1.34  1.86 
c  .85  .89  1.23  .62  1.34  .89  1.03 
d  .57  .30  1.23  .41  .89  1.12  .21 
21  a  .85  .00  .41  .21  .67  .89  .00 
b  .28  .00  .41  .00  .45  .22  .21 
c  6.82  7.12  4.12  7.22  5.15  7.14  5.37 
d  18.18  19.29  21.40  20.41  18.34  22.77  16.32 172 
#  ANS  L10  L11  L12  F  M  C  S 
22  a  9.66  7.72  4.12  5.98  9.17  6.92  8.06 
b  1.99  4.45  4.12  2.89  4.03  4.46  2.48 
c  3.41  2.97  3.29  2.89  3.58  3.35  3.10 
d  2.27  .30  .82  .82  1.57  1.34  1.03 
23  a  5.40  3.26  4.12  4.74  3.80  4.46  4.13 
b  ,  1.42  2.08  1.23  1.44  1.79  1.79  1.45 
c  1.14  2.67  3.29  1.44  3.13  2.01  2.48 
d  40.63  34.72  17.70  32.16  32.89  26.12  38.43 
24  a  12.22  8.31  11.11  12.78  8.05  12.95  8.26 
b  1.42  .89  2.06  1.44  1.34  1.34  1.45 
c  7.39  3.56  2.47  4.33  5.15  4.69  4.75 
d  .85  .89  .82  .82  .89  .45  1.24 
25  a  10.23  7.42  11.52  9.07  10.07  7.81  11.16 
b  2.27  4.15  4.53  2.27  4.92  4.91  2.27 
c  4.55  4.75  2.06  4.33  3.58  3.13  4.75 
d  1.42  .30  1.23  1.03  .89  1.12  .83 
R2 
ANS  L10  L11  L12  F  M  C  S 
1  a  1.99  3.86  2.06  2.89  2.46  2.68  2.69 
b  3.13  2.67  .00  1.86  2.46  2.90  1.45 
c  .28  .30  .00  .21  .22  .22  .21 
d  .57  1.19  3.29  1.86  1.12  2.23  .83 
2  a  .85  .89  .41  .82  .67  .67  .83 
b  1.42  1.78  .41  .62  2.01  1.56  1.03 
c  .28  .30  .41  .62  .00  .22  .41 
d  .85  1.78  2.06  1.24  1.79  1.34  1.65 
3  a  .57  1.48  .00  1.24  .22  .67  .83 
b  5.68  9.20  9.47  10.10  5.59  10.27  5.79 
c  .85  .59  .82  .62  .89  1.34  .21 
d  .00  .30  .00  .00  .22  .22  .00 
4  a  .57  1.48  .00  .41  1.12  .67  .83 
b  .57  .89  .41  .62  .67  .89  .41 
c  .57  .89  1.65  .41  1.57  1.34  .62 
d  .57  .00  .00  .21  .22  .00  .41 
5  a  6.25  1.78  6.58  4.33  5.15  4.46  4.96 
b  1.42  1.48  .82  .41  2.24  1.34  1.24 
c  1.42  2.08  1.23  1.24  2.01  2.46  .83 
d  .28  .59  .41  .21  .67  .89  .00 
6  a  3.98  3.56  4.53  3.30  4.70  3.35  4.55 
b  43.47  36.50  27.57  30.31  43.85  25.00  47.73 
c  7.10  7.42  11.52  7.22  9.62  8.71  8.06 
d  2.27  3.86  3.29  3.92  2.24  2.68  3.51 
a  1.42  1.19  1.65  2.68  .89  1.79  .21 
b  2.84  3.26  3.29  2.47  3.36  4.24  2.69 
c  1.99  5.04  16.87  17.32  2.68  4.02  2.48 
d  5.97  8.01  .82  7.42  5.82  5.58  7.64 173 
ANS  L10  L11  L12 
8  a  1.14  1.48  2.06  2.47  2.24  3.57  1.24 
b  5.11  4.75  3.70  4.95  3.58  4.24  4.34 
c  2.56  3.56  10.29  3.92  5.15  5.80  3.31 
d  5.40  6.82  4.12  6.60  8.05  8.26  6.40 
9  a  4.26  4.45  9.47  3.71  4.70  4.24  4.13 
b  19.32  22.26  2.88  23.09  18.34  20.98  20.66 
c  .28  1.19  3.29  1.03  1.12  2.01  .21 
d  1.14  .59  5.76  .62  .89  .45  1.03 
10  a  .00  .30  .82  .21  .22  .22  .21 
b  17.33  19.29  1.65  20.82  11.41  20.09  12.81 
c  11.93  13.65  3.70  12.58  14.32  18.08  9.09 
d  3.69  2.97  5.35  3.30  2.01  2.68  2.69 
11  a  .85  .89  1.65  1.24  .89  2.01  .21 
b  .85  .59  3.29  1.86  .89  1.79  1.03 
c  15.91  22.55  19.75  16.49  22.37  22.10  16.74 
d  43.75  29.08  24.28  27.63  39.60  22.10  43.80 
12  a  1.70  1.78  1.65  1.24  2.24  1.56  1.86 
b  17.05  15.13  7.00  14.64  12.75  16.29  11.36 
c  19.03  22.85  30.04  23.30  23.27  26.12  20.66 
d  26.42  25.52  18.93  21.03  27.52  18.75  29.13 
13  a  .00  .30  .00  .00  .22  .22  .00 
b  1.14  .89  1.23  .62  1.57  1.12  1.03 
c  .57  .30  .82  .41  .67  .89  .21 
d  2.27  5.34  3.70  4.12  3.36  4.46  3.10 
14  a  .28  .30  2.06  .82  .67  .89  .62 
b  1.70  2.08  2.06  1.86  2.01  2.68  1.24 
c  4.83  7.12  11.11  6.60  8.05  6.70  7.85 
d  .00  .89  .41  .00  .89  .45  .41 
15  a  .57  1.19  .82  .82  .89  1.12  .62 
b  .57  .00  .82  .21  .67  .89  .00 
c  6.82  6.82  6.58  5.57  8.05  8.71  4.96 
d  1.14  2.08  .82  1.44  1.34  2.46  .41 
16  a  .85  1.19  2.06  1.65  .89  1.12  1.45 
b  3.98  3.56  4.53  5.15  2.68  3.79  4.13 
c  .28  .59  1.65  .82  .67  .89  .62 
d  6.82  6.53  8.64  9.48  4.70  6.92  7.44 
17  a  13.35  9.20  3.70  9.07  9.62  9.38  9.30 
b  4.55  6.23  7.41  6.39  5.37  7.14  4.75 
c  16.76  23.44  14.81  18.97  18.34  19.20  18.18 
d  4.26  2.37  1.65  2.06  3.80  2.23  3.51 
18  a  .57  .30  .00  .21  .45  .45  .21 
b  1.70  1.78  2.88  2.06  2.01  2.90  1.24 
c  6.25  8.01  5.76  4.74  8.95  4.46  8.88 
d  1.14  1.19  2.06  1.03  1.79  2.46  .41 
19  a  3.13  4.15  2.47  2.89  3.80  1.12  5.37 
b  1.42  3.86  3.29  2.06  3.58  3.13  2.48 
c  1.42  .89  1.65  1.24  1.34  1.12  1.45 
d  .28  1.19  1.23  1.24  .45  1.56  .21 174 
ANS  L10  L11  L12  F  M  C  S 
20  a  2.27  .89  3.70  2.47  1.79  2.90  1.45 
b  9.38  5.04  2.47  5.15  6.94  5.13  6.82 
c  .28  .59  .41  .41  .45  .67  .21 
d  .28  .30  .41  .21  .45  .22  .41 
21  a  2.56  .30  2.06  1.24  2.01  2.01  1.24 
b  .85  1.19  2.06  1.24  1.34  1.34  1.24 
c  4.55  6.53  4.53  6.19  4.25  4.69  5.79 
d  13.92  15.13  14.81  16.91  12.08  15.63  13.64 
22  a  7.67  5.93  2.06  3.71  7.61  3.35  7.64 
b  5.40  3.26  2.47  3.09  4.70  4.24  3.51 
c  2.27  2.67  2.06  2.06  2.68  1.34  3.31 
d  1.99  1.19  1.23  1.24  1.79  1.12  1.86 
23  a  1.99  1.19  .41  1.86  .67  1.34  1.24 
b  1.70  2.37  2.88  2.27  2.24  2.68  1.86 
c  1.70  1.19  2.06  .82  2.46  1.56  1.65 
d  3.13  2.97  2.47  2.47  3.36  3.13  2.69 
24  a  50.28  63.80  55.56  62.47  50.11  52.23  60.54 
b  3.41  4.15  7.00  3.71  5.59  6.47  2.89 
c  2.27  .59  .41  1.03  1.34  1.12  1.24 
d  .85  1.78  .82  1.03  1.34  1.34  1.03 
25  a  18.47  17.21  18.52  20.82  14.99  19.42  16.74 
b  3.69  4.45  3.29  3.51  4.25  4.69  3.10 
c  3.13  2.97  3.29  3.09  3.13  3.57  2.69 
d  .57  1.19  .41  .21  1.34  1.12  .41 
R3 
ANS  L10  L11  L12  F  M  C  S 
1  a  .00  .30  1.23  .41  .45  .89  .00 
b  40.63  38.87  37.04  44.12  33.56  37.05  40.91 
c  1.99  .59  .82  .82  1.57  1.79  .62 
d  .57  .30  1.65  .41  1.12  1.12  .41 
2  a  .57  .00  .00  .41  .00  .45  .00 
b  17.05  13.35  12.76  15.05  14.09  13.84  15.29 
c  1.42  2.08  2.88  2.47  1.57  2.68  1.45 
d  .57  .59  3.70  1.86  .89  1.79  1.03 
3  a  4.83  5.93  3.70  3.92  6.04  3.79  5.99 
b  2.84  6.82  4.12  4.95  4.25  4.91  4.34 
c  4.55  7.72  6.58  8.04  4.25  7.37  5.17 
d  19.89  21.07  18.93  13.20  27.52  18.30  21.69 
4  a  18.47  15.13  13.58  11.96  20.36  17.63  14.46 
b  9.66  9.50  13.58  13.20  7.83  10.27  10.95 
c  .28  .30  .00  .41  .00  .45  .00 
d  .00  .59  .82  .41  .45  .22  .62 
5  a  .85  .89  .82  1.44  .22  .89  .83 
b  .00  .30  .82  .00  .67  .45  .21 
c  26.14  42.14  47.33  38.35  36.47  31.70  42.77 
d  .57  2.08  .82  .82  1.57  2.01  .41 175 
ANS  L10  L11  L12 
a  1.99  1.19  4.94  2.47  2.46  3.35  1.65 
b  4.55  5.04  5.76  4.74  5.37  6.92  3.31 
c  2.84  8.31  9.05  8.04  4.70  7.59  5.37 
d  3.69  2.97  4.12  2.89  4.25  4.46  2.69 
a  3.41  1.78  1.65  2.68  2.01  2.90  1.86 
b  2.56  .89  3.29  2.47  1.79  2.46  1.86 
c  13.07  12.76  16.87  17.32  10.29  17.41  10.74 
d  1.70  2.37  .82  1.44  2.01  2.46  1.03 
a  .57  1.19  2.06  1.65  .67  2.01  .41 
b  1.14  1.48  3.70  2.27  1.57  3.35  .62 
c  7.39  12.76  10.29  12.16  7.83  10.94  9.30 
d  3.41  6.53  4.12  3.92  5.59  5.58  3.93 
9  a  9.09  8.31  9.47  7.01  10.96  7.59  10.12 
b  3.69  5.93  2.88  5.77  2.68  5.13  3.51 
c  9.09  6.82  3.29  5.98  7.61  4.24  9.09 
d  11.36  5.64  5.76  5.15  10.74  5.36  10.12 
10  a  .28  .30  .82  .41  .45  .67  .21 
b  1.70  2.08  1.65  1.65  2.01  2.23  1.45 
c  5.40  4.15  3.70  5.57  3.36  4.24  4.75 
d  8.24  3.56  5.35  4.74  6.94  4.91  6.61 
11  a  1.14  .59  .00  1.03  .22  .67  .62 
b  1.14  .59  .41  .41  1.12  .45  1.03 
c  12.50  11.28  13.58  15.46  8.95  15.63  9.30 
d  1.99  3.26  1.23  1.65  2.91  2.23  2.27 
12  a  .57  .00  .41  .21  .45  .22  .41 
b  9.38  8.01  7.82  8.25  8.72  6.47  10.33 
c  .85  .00  2.06  .82  .89  1.34  .41 
d  .57  1.78  1.23  1.24  1.12  1.56  .83 
13  a  .57  .59  .00  .21  .67  .89  .00 
b  3.13  3.86  2.88  2.27  4.47  4.02  2.69 
c  19.89  10.68  16.87  18.97  12.30  12.72  18.60 
d  .28  .59  .41  .00  .89  .22  .62 
14  a  8.81  10.98  13.58  8.04  13.87  10.94  10.74 
b  1.14  .89  1.23  .82  1.34  1.12  1.03 
c  2.56  1.48  2.47  1.44  2.91  2.68  1.65 
d  1.70  .00  .82  .82  .89  .67  1.03 
15  a  3.69  2.08  5.76  4.33  2.91  3.79  3.51 
b  1.70  3.26  1.23  1.86  2.46  2.23  2.07 
c  1.14  1.19  2.06  1.44  1.34  2.46  .41 
d  .85  1.19  2.06  .82  1.79  1.12  1.45 
16  a  .57  1.19  1.65  1.03  1.12  1.34  .83 
b  2.27  2.67  .00  1.65  2.01  2.90  .83 
c  10.80  14.24  13.58  15.05  10.29  13.39  12.19 
d  2.56  1.48  2.88  3.30  1.12  3.13  1.45 
17  a  2.56  5.04  5.35  4.33  4.03  4.24  4.13 
b  3.69  4.75  4.12  4.95  3.36  3.79  4.55 
c  6.53  4.45  7.00  5.98  5.82  6.70  5.17 
d  1.42  .30  .41  .82  .67  .89  .62 176 
ANS  L10  L11  L12
 
18  a  1.14  1.19  1.65  1.24  1.34  1.79  .83 
b  3.69  5.93  4.12  4.33  4.92  4.69  4.55 
c  1.42  4.75  5.76  3.92  3.58  5.36  2.27 
d  1.99  3.56  4.94  3.09  3.58  3.35  3.31 
19  a  9.09  7.42  9.47  6.60  10.74  8.71  8.47 
b  8.52  10.68  14.40  9.07  12.75  10.04  11.57 
c  .85  1.48  .82  1.44  .67  2.01  .21 
d  3.13  1.19  1.23  2.47  1.34  3.13  .83 
20  a  1.99  1.78  2.06  1.65  2.24  2.23  1.65 
b  1.42  .30  .82  .82  .89  1.12  .62 
c  .57  .89  .82  .41  1.12  1.12  .41 
d  .28  .00  .82  .21  .45  .22  .41 
21  a  26.70  24.04  18.93  17.73  30.20  16.29  30.58 
b  .28  .89  .82  .62  .67  1.12  .21 
c  1.42  .59  1.65  .21  2.24  1.79  .62 
d  1.42  1.19  .82  .82  1.57  1.34  1.03 
22  a  3.69  3.26  2.06  4.12  2.01  4.02  2.27 
b  4.26  2.37  4.94  4.12  3.36  4.91  2.69 
c  9.38  6.53  9.47  10.52  6.04  7.59  9.09 
d  34.66  40.95  42.80  38.97  39.15  39.51  38.64 
23  a  2.84  2.37  3.29  2.89  2.68  3.35  2.27 
b  1.42  .30  2.47  1.03  1.57  1.12  1.45 
c  2.27  2.67  4.94  2.27  4.03  3.57  2.69 
d  7.95  10.09  12.76  11.96  7.83  12.28  7.85 
24  a  1.14  .59  .82  .62  1.12  .89  .83 
b  2.56  1.19  2.06  1.03  2.91  2.23  1.65 
c  1.99  2.67  .41  1.03  2.68  2.90  .83 
d  9.66  6.23  9.05  4.95  11.86  5.80  10.54 
25  a  1.70  .89  2.88  1.65  1.79  2.23  1.24 
b  17.61  26.11  26.34  21.44  24.61  21.43  24.38 
c  2.56  3.56  3.29  2.68  3.58  3.35  2.89 
d  1.42  1.78  1.65  1.24  2.01  1.56  1.65 
R9 
ANS  L10  L11  L12 
1  a  1.42  3.56  3.70  3.30  2.24  4.02  1.65 
b  5.68  3.26  6.17  4.95  4.92  6.70  3.31 
c  2.56  1.48  4.53  3.09  2.24  2.01  3.31 
d  25.85  24.63  25.51  18.35  32.89  19.42  30.79 
2  a  .00  .30  .41  .41  .00  .22  .21 
b  67.05  65.88  62.14  65.15  65.55  64.73  65.91 
c  2.27  1.78  1.65  1.03  2.91  2.90  1.03 
d  1.42  .59  1.65  1.03  1.34  1.34  1.03 
3  a  2.27  1.19  4.12  2.27  2.46  2.90  1.86 
b  19.03  19.29  19.34  22.27  15.88  18.08  20.25 
c  1.14  1.78  1.65  1.03  2.01  1.34  1.65 
d  6.82  5.34  5.35  6.60  5.15  5.80  5.99 177 
I  ANS  L10  L11  L12  F  M  C  S 
a  3.69  3.56  3.70  3.09  4.25  5.36  2.07 
b  45.45  51.63  46.09  54.43  40.72  47.10  48.55 
c  .57  .89  .41  .41  .89  .45  .83 
d  2.56  .89  1.23  1.65  1.57  .89  2.27 
5  a  .28  .00  .00  .00  .22  .22  .00 
b  .28  .30  .41  .62  .00  .00  .62 
c  1.70  1.19  1.23  1.24  1.57  2.01  .83 
d  28.13  29.97  20.58  28.04  25.50  27.23  26.45 
6  a  .85  .00  2.06  1.44  .22  1.34  .41 
b  2.27  1.48  2.47  2.68  1.34  2.90  1.24 
c  10.51  7.42  8.23  11.75  5.59  10.94  6.82 
d  5.11  5.93  2.47  5.15  4.25  5.80  3.72 
a  1.99  3.26  2.06  .62  4.47  3.13  1.86 
b  6.53  7.12  7.82  5.77  8.50  6.47  7.64 
c  16.19  11.87  17.28  14.43  15.44  16.29  13.64 
d  28.41  26.11  21.40  22.89  28.86  15.40  35.33 
8  a  .85  .30  .00  .82  .45  .67  .21 
b  .28  .89  2.47  .82  1.34  .67  1.45 
c  4.55  4.75  7.82  5.57  5.37  4.69  6.20 
d  44.03  29.97  21.81  30.52  36.02  26.79  39.05 
9  a  .00  .59  1.65  .82  .45  .89  .41 
b  1.42  2.37  2.06  2.27  1.57  1.79  2.07 
c  7.67  5.04  7.00  5.15  8.05  6.70  6.40 
d  1.14  1.19  1.23  1.24  1.12  1.34  1.03 
10  a  .00  .00  .00  .00  .00  .00  .00 
b  .57  1.19  1.65  1.24  .89  1.34  .83 
c  40.06  43.92  46.09  38.56  47.87  33.71  51.65 
d  1.70  2.08  3.70  2.47  2.24  2.90  1.86 
11  a  2.56  3.56  2.06  3.71  1.79  2.68  2.89 
b  1.99  2.97  1.23  2.47  1.79  2.01  2.27 
c  .57  .59  1.23  .62  .89  1.34  .21 
d  1.42  1.19  2.47  1.24  2.01  2.46  .83 
12  a  .00  .00  .00  .00  .00  .00  .00 
b  1.14  1.78  .82  1.03  1.57  .89  1.65 
c  4.26  3.86  8.64  7.01  3.36  5.58  4.96 
d  2.27  4.75  1.94  4.74  2.91  4.69  3.10 
13  a  .57  .30  .41  .41  .45  .45  .41 
b  47.44  48.96  46.50  49.69  45.64  47.10  48.35 
c  .85  .89  2.06  1.03  1.34  1.79  .62 
d  .28  .00  .00  .00  .22  .00  .21 
19  a  .57  .30  .00  .00  .67  .45  .21 
b  3.13  2.37  2.06  2.47  2.68  2.46  2.69 
c  .85  .89  .82  .21  1.57  1.34  .41 
d  1.14  1.48  2.47  1.03  2.24  2.90  .41 
15  a  1.14  2.08  .41  1.44  1.12  1.56  1.03 
b  .00  .00  .41  .00  .22  .22  .00 
c  4.26  2.97  3.29  4.12  2.91  6.03  1.24 
d  2.27  2.97  1.65  2.47  2.24  3.79  1.03 178 
ANS  L10  L11  L12 
16  a  3.13  2.67  4.53  3.71  2.91  4.69  2.07 
b  6.53  4.15  2.88  5.57  3.80  5.80  3.72 
c  .85  1.19  1.65  .82  1.57  1.79  .62 
d  39.20  35.31  31.28  30.72  41.16  29.46  41.53 
17  a  1.14  2.37  2.47  1.65  2.24  2.90  1.03 
b  23.58  25.52  34.57  26.60  27.74  23.21  30.79 
c  5.68  3.86  5.76  5.36  4.70  5.13  4.96 
d  2.84  1.48  2.06  2.27  2.01  1.12  3.10 
18  a  1.99  2.67  2.47  2.89  1.79  3.35  1.45 
b  1.42  2.97  3.70  2.06  3.13  3.35  1.86 
c  1.42  5.04  2.47  2.47  3.58  3.79  2.27 
d  50.28  32.64  37.04  41.65  39.15  33.93  46.49 
19  a  42.61  36.50  37.86  39.79  38.48  36.16  41.94 
b  3.41  2.37  3.29  3.09  2.91  2.23  3.72 
c  .57  .89  .00  .41  .67  .67  .41 
d  6.25  9.20  5.76  8.87  5.37  8.93  5.58 
20  a  4.26  7.42  7.82  7.63  4.92  8.71  4.13 
b  3.69  .30  1.23  2.06  1.57  2.23  1.45 
c  6.25  4.15  3.70  5.57  4.03  6.92  2.89 
d  .00  1.19  .82  .62  .67  1.12  .21 
21  a  1.99  1.78  2.06  2.27  1.57  2.46  1.45 
b  .00  .89  .00  .41  .22  .67  .00 
c  .28  1.48  .82  .41  1.34  1.56  .21 
d  18.75  18.99  24.28  23.30  17.00  18.75  21.69 
22  a  2.84  2.08  4.12  2.68  3.13  2.68  3.10 
b  5.11  3.56  3.70  4.74  3.58  4.02  4.34 
c  1.42  4.45  5.35  3.71  3.36  2.68  4.34 
d  3.69  5.93  7.00  7.22  3.36  7.14  3.72 
23  a  2.84  5.34  5.35  4.33  4.47  4.46  4.34 
b  1.99  1.19  2.06  2.27  1.12  2.01  1.45 
c  5.97  9.50  18.52  10.31  10.74  9.60  11.36 
d  15.34  18.10  15.64  16.91  15.88  19.20  13.84 
24  a  1.14  2.08  1.23  1.03  2.01  1.56  1.45 
b  1.70  .89  .00  .41  1.57  .67  1.24 
c  .57  .59  1.23  .82  .67  1.34  .21 
d  1.42  1.48  2.88  1.44  2.24  2.01  1.65 
25  a  .57  .59  .00  .41  .45  .22  .62 
b  1.70  .59  .00  .41  1.34  1.12  .62 
c  2.84  1.19  .41  1.24  2.01  2.46  .83 
d  26.14  21.07  20.58  24.74  20.81  20.54  25.00 179 
Appendix H
 
Two-Tiered Optics Misconception Test
 
(Final Version)
 180 
MISCONCEPTIONS ABOUT OPTICS
 
INSTRUCTIONS
 
This test consists of 25 questions which examine your mis­
conceptions about optics.  Each question has two parts:  a
 
multiple choice response and a multiple choice reason.  You
 
are asked to make one choice from both the multiple choice
 
response and one choice from the multiple choice reason for
 
each question.
 
Answer all questions on the answer sheet.
 
1.	  Read each question carefully.
 
2.	  Take time to consider your answer and carefully select
 
a reason which best represents your thinking.
 
3.	  Record your answer by placing an "X" over the letters
 
which match your answer and your reason on the answer
 
sheet.
 
e.g. )( B C D  a b )( d
 
4.	  If you change your mind about an answer, cross out the
 
old answer and add the new choice as shown
 
e . g . 41  B C	  a b  )2( d
 
5.	  If the provided answers or the provided reasons do not
 
represent your thinking, write your concept in the
 
space provided at the right of each question.
 
DON'T FORGET TO RECORD YOUR DETAILS ON YOUR ANSWER SHEET.
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For questions #1 to #4, the experimental kit consists of an
 
object A (an unfrosted light bulb with a horseshoe-shaped
 
filament), a converging lens B, and a translucent screen C,
 
all mounted on an optical bench.  The converging lens is
 
moved until a sharp image of the filament can be observed
 
on the translucent screen, as shown.
 
1.	  If the converging lens B is removed, and object A and
 
screen C are left where they were, would anything be
 
changed?
 
A.	  The image on the screen would become erect and
 
equal in size with the object.
 
B.	  Without the lens there would be no image.
 
C.	  The image on the screen will remain as before,
 
but will become blurred.
 
D.	  The image on the screen will become erect, but
 
the image will be blurred.
 
Reason:
 
a.	  The property of a converging lens is to focus
 
light.  When there is a converging lens, the
 
image will be clear.
 
b.	  A converging lens flips the image over and an
 
erect image will appear on the screen.
 
c.	  If there is no a converging lens, light rays
 
can't be focused and there will be no image on
 
the screen.
 
d.	  Both a and b
 
2.	  If an unfrosted bulb is replaced by a frosted bulb,
 
would anything be changed?
 
A.	  The image on the screen would become erect and
 
equal to the size of the object.
 
B.	  Without the lens there would be no image.
 
C.	  The image on the screen will remain as before,
 
but will become blurred.
 
D.	  The image on the screen will become erect, but
 
the image will be blurred.
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Reason:
 
a.	  The property of a converging lens is to focus
 
light.  When there is a converging lens, the
 
image will be clear.
 
b.	  A converging lens flips the image over and an
 
erect image will appear on the screen.
 
c.	  The light rays become converging rays after pass­
ing through a converging lens and the real image
 
will appear.
 
d.	  Both a and b.
 
3.	  If we move screen C toward lens B, would anything
 
change on the screen?
 
A.	  The image immediately becomes blurred and then
 
quickly disappears.
 
B.	  The image becomes blurred because it is out of
 
focus, and the size of the image will be en­
larged.
 
C.	  The image becomes blurred because it is out of
 
focus and the size of the image will be small.
 
D.	  The image will get smaller, go to a point, invert
 
and then become enlarged.
 
Diagram supporting the answer above:
 
a.	  b.
 
c.	  d. 183 
4.	  If the screen is removed, which of the following items
 
is correct?
 
A.	  No image appears.
 
B.	  We might be able to see the image on the wall be­
yond the screen along the lens axis.
 
C.	  We might be able to see an image if we can place
 
our eyes at the screen position.
 
D.	  If we move beyond the initial screen position and
 
look along the lens axis toward the lens, we will
 
be able to see an image.
 
Reason:
 
a.	  The image is located at the same position where
 
the screen has been.  We are able to see an image
 
because our eye is in the position of the screen.
 
b.	  An image occurs in the lens.
 
c.	  An image occurs only on opaque surfaces.
 
d.	  An image appears in our vision, but since our eye
 
is not a screen, the actual image will only ap­
pear on the nearest flat surface.
 
5.	  If we use a piece of cardboard DE to cover the upper
 
half of the lens, leaving the lower half uncovered,
 
would anything change on the screen?
 
E 
A  Sewn
 
0	  Vi 
A.	  A whole image still appears on the screen but the
 
brightness of the image is not changed.
 
B.	  A whole image still appears on the screen and the
 
brightness of the image is diminished.
 
C.	  Half of the image will disapppear, but the amount
 
of light from the object is not changed.
 
D.	  Half of the image will disappear and the amount
 
of light from the object will also diminish.
 184 
Reason:
 
a.	  Light rays can go through the uncovered part, but

this will diminish brightness.
 
b.	  Light rays can go through the uncovered part and
 
its brightness will not change.
 
c.	  If half the light is blocked from passing through
 
the lens, half the image and half the brightness
 
will vanish.
 
d.	  If half the light is blocked from passing through
 
the lens, half the image will vanish, but because
 
of the diffraction property its brightness will
 
not change.
 
6.	  An experiment kit consists of a vertical plane mirror

about 20 X 30 cm in size.  An object is placed about
 
10 cm in front of the mirror.
 An observer is seated
 
about 50 cm in front of the mirror, slightly to the
 
right of the object.  Where will an observer see an
 
image?
 
A.	  10 cm behind the mirror along the perpendicular
 
line between the mirror and the observer  (line
 
#1) .
 
B.	  10 cm. behind the mirror along the perpendicular

line between the mirror and the object  (line #2).

C.	  10 cm behind the mirror along the line  that pass­
es between the observer and the object (line #3).
 
D.	  About 10 cm behind the mirror on a line of sight.
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Reason:  Because the diagram of light ray is...
 
a.
 
c.	  I  d. 
Q
 
o ev4, 
St.  NkN.S.N. 
0,64Lx44,,,
 
7.	  If an observer is moved to the left of the previous
 
position, as shown below,
 
',S.`,  S 
where will the image be located?
 
A.	  The image will shift its position to the left be­
hind the mirror.
 
B.	  The image will be 10 cm behind the mirror along
 
the line of sight between the observer's eye and
 
the object.
 
C.	  The image will shift its position to the right
 
side behind the mirror, along the line connecting
 
the object and the observer.
 
D.	  The position of the image doesn't change.  It
 
still remains at the previous position, as in
 
item #6.
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Reason:  Because the diagram of the answer is...
 
a.  b. 
N.  N. 
/  ,  0 d'AI 
14, 
ioem 
0 
Adt.f.S.U. 
414ita 
c. 
i\maitc-
Ar 
cle'A 
d. 
\`.  xv, 
OiNv, 
061AAAJAJIL.
 
8.	  An observer is seated in a position that is no longer
 
directly in front of the mirror, but is beyond the
 
right edge.  The object is also placed beyond the
 
right edge so that the position of the object and the
 
observer lie along a line that intersects the mirror,
 
as shown.
 
tAioarl 
0  044.stAks. 
Which statement is correct according to scientific
 
principles?
 
A	  An observer can see an image located on a line of
 
sight.
 
B.	  According to the law of reflection, an observer
 
can see an image located behind the mirror.
 
C.	  According to the law of reflection, an observer
 
can't see an image because the image will be
 
located in front of the mirror instead of behind
 
the mirror.
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D.	  An observer can't see an image because the  ob­
server is not in the path of the necessary light
 
ray reflecting from the mirror.
 
A diagram to support this idea is...
 
a.	  b.
 
olouit,o(A,
 
d.
 
o
 
9.	  A small rectangular mir­
ror is held vertically
 
about one meter in front
 
of the student. The mir­
ror is positioned so
 
that the top of the stu­
dent's head appears at
 
the top edge of the mir­
ror.  The student finds
 
that the image in the
 
mirror extends to about
 
20 cm below neck level.
 
What can the student do
 
to see more of himself
 
in the mirror?
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A.	  The student can see his whole body by moving
 
backward so that the angle of view at the mirror
 
becomes wider.
 
B.	  The student can see his whole body by moving away
 
when more of his image will fit into the mirror.
 
C.	  By moving backward until the ratio of the height
 
and distance of the student from the mirror is
 
greater than 1:2, the student will be able to see
 
his whole body.
 
D.	  There is nothing that can be done as long as the
 
mirror is held and fixed in a vertical position
 
and the size of mirror is not changed.
 
A diagram to support the answer is...
 
a.	  b.
 
c.	  d.
 
10.	  Which sentence is correct?
 
A.	  Light and heat are the same thing.
 
B.	  Light contains warmth.  We can prove this by
 
hanging a wet cloth outside in the light.  The
 
cloth will become warm and dry.
 
C.	  Light doesn't contain warmth in itself.  Heat is
 
radiated from a source of light.
 
D.	  Light and heat are not the same thing, but are

found in exact proportions.
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Reason:
 
a.	  The more light, the more warmth.
 
b.	  Light contains warmth and transfers it to any ob­
ject that it hits.
 
c.	  Both light and heat are energy, which can trans­
form from one form to another.
 
d.	  Light is an electromagnetic wave, but heat is an
 
infrared wave.
 
11.	  If we shine a beam of light into a room that has no
 
dust, describe the light beam that you can observe in
 
that room?
 
A.	  With no dust, we can see the light beam clearly.
 
B.	  Light doesn't need a medium for traveling to the
 
eye, so the dust doesn't effect sight.
 
C.	  We cannot see the light beam.  Light needs a
 
medium to travel to the eye.
 
D.	  We cannot see the light because there must be a
 
reflector to get light to the eye.
 
Reason:
 
a.	  Light can travel through transparence, translu­
cence, and space as well.
 
b.	  Dust is a reflector.  Light reflects dust to the
 
eye.
 
c.	  Light is an energy.  It has no colors of its own
 
so it required a medium to pass through.
 
d.	  How clear one's vision is depends on the amount
 
of dust in the air.
 
12	  Why can black or white objects be seen?
 
A.	  Because there is a black light or a white light
 
which enters the eyes.
 
B.	  Because the object's color is black or white and
 
the color shines into the eyes.
 
C.	  Because if a light reflecting from the object
 
doesn't enter the eye, we consider it to be black
 
in color.  On the other hand, if the reflection
 
of a reflecting light enters the eyes, we con­
sider it to be white in color.
 
D.	  Because if a refracting light from the object
 
doesn't enter the eyes, we consider it to be
 
black in color.  On the other hand, if a refract­
ing light enter the eyes, we consider it to be
 
white in color.
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Supportive details:
 
a.	  To see any color is dependent on whether or not
 
that color of light enters the eyes.
 
b.	  Black objects obsorb all of the incident light
 
and reflecting light cannot enter the  eyes.  But
 
white color reflects all of the incident rays and
 
enters the eyes.
 
c.	  Color is purely a property of an object, not of
 
the light itself.
 
d.	  In the air, black color light refracts light at
 
lower levels than white light.
 
13	  How far can light travel?
 
A.	  It can travel until the energy is dissipated.
 
B.	  It can travel infinitely if it doesn't encounter
 
an opaque object.
 
C.	  Light can travel infinitely.
 
D.	  The distance light can travel is limited by the
 
extent of its visible effect.
 
Reason:
 
a.	  Light is a kind of energy.  When it travels dis­
tances, energy is transferred to the medium
 
until it is dissipated.
 
b.	  Light is seen because the optical nerve is alert­
ed.  Thus, the distance that light can travel is
 
limited by the vision.
 
c.	  Light is an electromagnetic wave.  Because light
 
travel is not dependent on the medium, light can
 
travel infinitely.
 
d.	  Both b and c.
 
14.	  Which statement is correct?
 
A.	  The object that has a color, can be seen only if
 
its color is different from the background.
 
B.	  All colors together form ranges of light with
 
intensities from black to white.
 
C.	  A black colored light has the lowest effect on
 
the optical nerve.
 
D.	  Sun light is a white light.
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Reason:
 
a.	  Components of white light will range from ultra­
violet to infrared.  It can be confirmed by
 
using a prism.  A prism will disperse the white
 
light into its components.
 
b.	  A black colored light has the lowest intensity.
 
c.	  The optical nerve can't separate a given color if
 
it is alerted by a similar color.
 
d.	  The intensity of light is in proportion to its
 
wavelength.
 
15.	  Consider these given objects:
 
1. Sun, 2. Flashlight,  3. Lamp, 4. Candle.
 
Which one is a source of "light"?
 
A. #1 only	  B. #2, #3 and #4
 
C. #1, #2, #3, and #4  D. Not any of these choices
 
Reason:
 
a.	  All of them are sources of light.
 
b.	  Sources of light and light have the same meaning.
 
c.	  These objects cannot light themselves.
 
d.	  Both b and c.
 
16.	  "When the light source is switched on, a room is illu­
minated immediately."  From this sentence, can we say
 
the light has infinite speed?
 
A.	  Yes, we can.  The velocity of light is an approx­
imate measure.
 
B.	  Yes, we can.  The light has a speed faster than
 
our eyes can detect.
 
C.	  Yes, we can.  Light in this situation occurs by
 
transformation from electrical energy.
 
D.	  No, we can't say that.  We can measure speed of
 
light even if its speed is faster than our eyes
 
can detect.
 
Reason:
 
a.	  Light velocity is about 186,000 miles/sec.
 
b.	  High speed and infinite speed have different
 
meanings.
 
c.	  Light is a kind of energy that is transformed
 
from other energies.
 
d.	  Both a and b.
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17.	  When we go for a vacation at the beach, if we observe
 
the sky we can see that it has a blue color similar to
 
that of the sea.  Why do they have the same colors?
 
A.	  Lights reflects from the sea to the sky.
 
B.	  It is the effect of the scattering of light.
 
C.	  In the afternoon, blue colored light can refract
 
better than other colors.
 
D.	  It is the nature of the sky that it has a blue
 
color.
 
Reason:
 
a.	  In the afternoon, blue color light reflects
 
better than other colors, reflecting its color
 
toward the sky.
 
b.	  The sea has a lot of space area, the reflection
 
of light on the sea surface and the sky are
 
close.  As we have seen, it looks like the same
 
colors.
 
c.	  The blue colored light can reflect up to the sky
 
and refract it to the eye better than the other
 
colors.
 
d.	  The blue colored light can scatter and enter the
 
eye better than the other colors.
 
18	  Which optical instruments provide only erect images?
 
A.	  a converging mirror  B.  a concave mirror
 
C.	  a plane mirror  D.  Both a and c
 
Reason:
 
a.	  A property of a converging lens is that it dis­
perses light.  Light rays are supposed to focus
 
only in front of the mirror.
 
b.	  A converging mirror or a concave mirror can pro­
vide a real image when an object is located near
 
a. surface mirror.
 
c.	  Depending on the position in which the object is
 
located, all types of mirrors can provide real
 
images.
 
d.	  It is a property of a plane mirror that only
 
erect images can form behind the mirror.
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19.	  Which statement is correct?
 
A.	  Shadows form easily on cloudy days, but are more
 
difficult to observe than on clear days.
 
B.	  Shadows form easily on cloudy days, but are dif­
ficult to observe on cloudy days.
 
C.	  Shadow formation is not dependent on the condi­
tion of the sky.
 
D.	  On a cloudy day, shadow formation is not possi­
ble.
 
Reason:
 
a.	  Clouds absorb the sunlight.
 
b.	  Light rays passing clouds are a non-rectilinear
 
propagation of light.
 
c.	  On a cloudy day, light intensity is higher than
 
for clear days, but because of the diffuse light
 
it will be hard to form shadows.
 
d.	  On a cloudy day, light intensity is lower than
 
for clear days.  Thus, no shadows will be formed.
 
20	  The shadow size, bigger, smaller, or equal to an
 
object depends on...
 
A.	  Distance of an object from a source of light and
 
distance of an object from a screen.
 
B.	  The size of a source of light and an object.
 
C.	  The illumination of a source of light.
 
D.	  The size of a screen.
 
Reason:
 
a.	  The size of a shadow is large when the distance
 
from an object to a screen is small.  Simulta­
neously, if a screen is far from an object, the
 
shadow will be large.
 
b.	  If the size of a source of light is large than an
 
object, a shadow will be smaller than the object.
 
c.	  A larger surface for a big screen will provide a
 
larger shadow on that screen.
 
d.	  A diminished illumination produces a big shadow.
 
An example is that a shadow during the sunset is
 
longer than at noon.
 
21.	  From the following statements, which one is correct?
 
A.	  Humans and animals can't see anything if there
 
is no light available.
 
B.	  Humans can see everything in the dark.
 
C.	  Only animals can see in the dark.
 
D.	  Humans cannot see in the dark as clearly as ani­
mals.
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Reason:
 
a.	  Animals have a special capability for seeing
 
everything in the dark better than humans.
 
b.	  The human iris has vision limits.
 
c.	  Light is necessary for vision.  No light means
 
that nothing can be seen.
 
d.	  The iris can be adjusted by the condition of the
 
light.
 
22.	  When light travels from one medium to another, a re­
fraction phenomena occurs.  If light travels toward a
 
perpendicular line from air to water, which of the
 
following is correct?
 
Novinal  LANZ 
Art 
A.	  There is no refraction in this case because the
 
incident ray is on the normal line.
 
B.	  There is no refraction because there is total
 
internal reflection.  The light goes backward
 
until we can't see a refraction phenomena.
 
C.	  There is a refraction phenomena, but the light
 
reflects backward so it is very hard to say that
 
a refraction is not possible to observe.
 
D.	  There is a refraction phenomena because light
 
travels through the two media.
 
Reason:
 
a.  Light travels in a straight line.
 
b..  Light doesn't change its direction.
 
c.	  Refraction will occur when the direction or the
 
velocity is changed.
 
d.	  Two phenomena, a reflection and a refraction,
 
will occur simultaneously, but inclination toward
 
one phenomena is dependent upon the medium.
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23.  Why will the light passing through a clear red glass
 
be red in color?
 
A.	  Because light passing through a clear red glass
 
is white light, but the red pigment in that glass
 
activates red colored light entering the eye bet­
ter than other colors.
 
B.	  The red color observed is the color of the  ob­
ject, not the color of light.
 
C.	  The red color that enters the eye is light re­
flected from red colored glass.
 
D.	  Clear red glass absorbs other colored lights and
 
lets most of the red colored light pass through.
 
Reason:
 
a.	  A clear red glass acts as a red filter.
 
b.	  The light passing through colored glass will be
 
changed by the pigment of the glass.
 
c.	  For light colors blue, red and green, red light
 
has an intensity higher than the others.  Thus,
 
it can be observed easily and clearly.
 
d.	  A reflection and a refraction phenomena will
 
occur simultaneously, but it will incline toward
 
one of the phenomena, dependent on the medium.
 
24.	  Which statement is correct?
 
A.	  We can only see the part of lightning flashes
 
that are reflected into the eye.
 
B.	  A lightning flash is an example of non-

rectilinear propagation.
 
C.	  A flash is a kind of a light ray.
 
D.	  A lightning flash that enters the eye travels in
 
a straight line.
 
Reason:
 
a.	  A flash is the product of ion exchange in the
 
air.
 
b.	  The refracting angle of the light is necessary
 
for vision.  It must be an appropriate angle to
 
enter the eye.
 
c.	  A flash is not a light ray.
 
d.	  There are two kinds of light propagation, rec­
tilinear and non-rectilinear.
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25.	  Half way between an observer and an object, what is
 
the size of an existing image when compared to the
 
object?
 
A.	  Half  B.  Larger
 
C.	  Equal  D.  The question is unclear.
 
Reason:
 
a.	  It follows from the law of perspective.
 
b.	  It follows from this diagram.
 
c.	  Both a and b.
 
d.	  The kind of optical instrument and distance from
 
the object are not given in this question.
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Appendix I
 
Two-Tiered Optics Misconception Test
 
(Thai Version)
 198 
wietali A  c nfiurrn C 
isait.n1 
mmaseriacaInvoi ti=noufratmaeaW A Itarnmardivithlevliallikasos linnet" 
inblithriagloorrmasoid  B vaminfurrng C Inwornsaitywn.311rurnna}ft, 
danahragN Otaintihist B  C 114Urnwiftwrin C 
immuolla-trio 1-4 
1. 61/T18141u B oonli1 Iceboat"( A airsiniiurra C  110: luiloriiie 
11131caltenaula4 
miwstionurahaihtmichstrorwintalitim 
v. Uktiarrntrusin 
rrivn.minIskinahtlutlefunaip 
tryntnurinithurniilia illimvellkhohtlutoikauilp 
varctmii 
a. anuhisdkpazairnalsi Likikasishawnvetiiolfrrarkoni 
b. Lastivohlitilamm.rwainitirrmihnihnitriaq 
Iziftextipmasi1ftgaliMatiwrii 4410.favrat 
d trio  bic ie b. 
2. 611.02/14111100W A rwromooloaratholsoaeh acirlianerniknata, illeurvinuflu 
B ten u131141.0.1111.naals4 
minnpainunifullurrnrarstomtviviaq 
i. 13.1fiarrniwain 
mvanunalthitotalutioikaushp 
mInnvaininiurmilia aoirrrn'tsgtattviutioikaushix 
1117t111101 
a tinuhistikplean3iimus4 iflaikaushinm4141441-r4rimi4 
b. umthisohli.fibmiantinastinribnimildeq 
C. Igkeushismuus41040tiltkraulinva 
trilakrumnowhethiseehumaordhli intmilsughilaUllikelitamw 
diet4tanunn 199 
a ificiosinin C ifin-unahin B untitraunagnnnws 
nviutrh4Inamilviorprolil 
mwrohscmwelnqi4n 
n. mnicatturarnmanas 
4. n-nratinarnaDur acuniulnql4suieni 
unumivfilfumvionenneuluiedire 
a.	  b. 
C 
4. thurnrin c wail felanebidoofai 
IsSIrroinorin 
Y.	 n-nrclthh-Inotrucniniarniettningfluatrittvitualramilauienu 
ihurnnelfkivontramain C trucnilurrnli 
ththanumurnitexhiloinghungwInhanosunI7 cuasiurrndi 
ingrafilitunraionthware 
a trtrr.mvealinfeix trnfronlifithmintmnIfireilisuhrrhabnit-noits 
b. mrrarnviinolfhanninft 
C. mnuthinefiluladoStannniumnmaitufnti 
d ornamnifinfsi afitrunniihrirtniDunInIfiadoilariarrynndaqfluuri 
4011111"1"4 200 
craTfunis 
0 
11-4-Inizornaiti DE Ittsrataiatplunahtriil rrnrAftnivalnutiluach411 
mvatan.ruaimlna mcrninenrassmnIatf-aiai 
11.  frInf1011/14Q1111ini Ilfrrurivieurnmealil 
ti nimmornnullin3iti14 safrraari-vrao4rnyvi-Osi 
.  111111/Idlimreili10644 uttirrairi-ustaliktntttla, 
owsuAllsurrahnthantrie 
a alrAnflulatiit urraharnil rtudennoultofiauvr,aintinuin-rwirty 
cum 
b. sinOrtsliflarlunishan-nsuamainas4 aff.3iaAsen-vailltaxilsivrar_ni 
mitea-inn-rnigainoosigorrairiyvourniat-th 
c. ttonitntin.imunAu IL531:1;1%4YrAilipratisioloclartn 
ati.nminnon-rnim-altnanneaaorranri-mount114n-sia, 
d. nm:a-aatiAnAwarriotaLmuannairtam maiahlrofm4 
ataran urzfrmarnnsovnases-ehlis, 
'(3) min 
A.  a eh" , 
wattiofunouihnn=in.rminnot 20 X 30 SU TwIttlinT-mimiy to sm. itanestt 
44-minty 50 1AL ummoirntirrrsarSaq qii.nosnicaummerfaitiffterAnwm 
luauslantluya.na (1)i-012.1 10 sou  s awalentlulaq (2)14-atil 10 sa. 
ft e-nux-rwarStqualiant (3)-kw to Ix  4. 1=  10 suinsaw-adhuroort 
(a Ina of sight) 
irrrrairturraftraaMkrarlie 201 
a  b. 
trYll 
/ 10
\  t
L 
Irar Vans 
;pane 202 
7.  deilianaiimunitrmifinaeStlq  trremlitehirta 
log 
titans 
rt mrectgensnitlam.14-weas-auwartultliiliznsi 
myariati4n=vn mawaixrwrnffigninivoonit1  10 1111 
trnmgeseliliWnnrrnile44nwanis&auititulfitriarpanpano 
. /111111.101itana 444 earinfifan'whntTulwie 6. 
ormsatmveikiAufheltirarl 
a  0,
#171 
b. 
rrm 
41/ 
10 411. ..... 
isq 
;liana 203 
8. thlecMieclIrsonlin=in acqtlansieletOoltrurrelestrit) 
m=in 
SIID 
Vane 
ifornitiognasraniinm-nnAncntroof 
In.-of-sight)
Vinwrasailtmwx)417.8aviunniikrArkcjIta:restIe 
st olunormcliewa.) qtanmudaistmis/WOLinlven 
tt frismorrnelownsi tgamnrnnfifnuhrrrimumificinihniAn=tn 
qlknoinsdaiturrni 
it1rup13/namocioun=lni9,iriganali glanelbusalghn-rn 
ummreitlfti=noughstaie 
rrro 
Van% 
c, 204 
9.  nxIcAmilonniminiimoOtnuf-ani41,4 
inAltnintlinolun446ni-i4sinnuin 
'Ow=  t uii itncioAtrecruiplag 
1siawnialiiimouvuvo4nu gin  Lilo 
iirsammytmiLD4114=Imarii va1104 
t414104114nrifirmitgoivrivesan 
tkunnot 20 I& 
letirmlinz.InvIsulud itraltruelicssaisimmineitafimlnehabon-r4 
cronissonItifielipilsurninfrh446441:AurnAlann4ulrz 
notnivoonItl 64orli4rr=ln laqingnsurniurnmmmitolunwinli 
A ttairrninliamintrilltmcwegsm 
4.  Aitiftiminnlvintl4Dvw-wo-alempri-rmolisOhum1414, 
anurmfilti=nournmionChgoulte 
b. 
a. 205 
10. 4arrtulmialtkpiannsminmivroirfneiewf 
usaiworrarftnalotaftnrix 
utOrnultruarpahmitylitilnomleiniblinriammt arcui4 
ustzgAu 
us41110frnliouluixo4 irstiohilrussiininfitnahughleratiousonin 
4.  usamornufnathulmilulamaierlst 
metieftlithtnevlummknfivevlio 
rairtugnryirrallinfelunntri-OoDmieo 
b.  dleuffoto411.1fIlefIrtaihulrni-nquchernownimufrrwfaulittntu 
*nohlitntxfouicu 
9t1eflutrAtware4OrrarfoutrAutifiutaio 
usailunfnunkninliiihIshninnliallictsikmuirmersnliothAni 
fifkrrartouluth 
11. iritusa4,1t1luio414113141uscoasso itreknicaufnuiva&-alharntu 
qavAunnrriminfillearnitzlaivium 
v. invuurzioautriwri-ninittlawinIslikix
 
uo41.0.41uhusAtuttomelsOrranrollasairumsihtin
 
uatiliushavatolohlriutlemetilkluctontiouum
 
owtisfilenoeauwrt-h 
e 114414nmAionshiohnirmlgistss 111141i ucipannifek% 
b. oilmocolutrimmtnihohciolasaihrn 
c. uninuratimmetallitliot-asa tricamAntroluni1egou64-nt 
d. si-rumulfarvosisicomaraisahuniiitiunizonint 
12. rrrAtiowhimulli-nlitimItn iNorrzi-) 
Oltiaiimiousarrafnlimifn 
laglalki wioihm amtiouharfogififluilei 
It. Eutainn.r.ruSerpirdlilE.filinAskintimiontaiwOulirmit510 
fitinovfitslinie-rtailuDarn 
4.  fkaann=rarifficuillftioxitiaaviewilfluiontailurulsi-miellyn 
tvloadicierni-mouilo
 
a n-nuojurowitnulirililinguifren
 
b. ieqiinteniuustntnumfisnann=numlatfaxactiesuinfoi 
it-Alenitirnitiowanfionnihtn 
c. 
ariiouueallf d. 206 
13. asainonittrielnaftla 
ft In11inimentisrata4
 
lnaloaltitialtrisablettirrnmabrtaara
 
amalairmliftilealtlflieuva41116
 
S. InaohflfranNaitt 
owyfafkionfl-tamire 
& atfailualfraithtt: tflata4oufrttlr-tzlntryftiwn4upd-ifr0000nitilaai 
liffusbnaviVnt 
b. rnmeakiwailmenrctliza-mqvenr.ix umnuffaaaffsonsli 
tforiluvouvamitmaihofntu 
c. asal&ainanimilnIvIlh	 mmtietalsinniwituvitUrnauelsPinflukanfrufl 
ft-nafIlftilginatala 
d. 4141rdnibIllOn4411444.W.10441.1411C414111,140WhernniMillini4 
14. thrui-rriolavnies 
tramaiuiecillagolatpliaffinshrnnikftlefrruerj (bacacroural) 
asautlaaluatrwrrnufsramailatilmnishlarn 
il=rmniantr=tillfItaafiqeihtaisalfh 
asarffiaciDuatfrn 
imeafialioninestAre 
a.  allrirral=a0VEXAMbil41111111ffaliqeshilthufkuinlisaw twarataLanufo 
b. 411.04irtg"ratiiig0441144-40 
c. thzonnalcuantliNniiignmiudi-zusurintifoultt
 
cn-asiivleaaDtflafhulavelultsrraxmagt4
 
15. Avila-1MM iimallt 
1) frmolimi 2) itykia 3) octfia) 4) iffnits 
ioloOtarardaa 
n.  t. oh&	  io 2.3. I= 4. 
A. 110 1,2,3.4	  1.2,3,4 
varztalTii 
a. talisi-rfuNaatifri-AftutateltkauffIN 
b. waanhiciaaaaisz4suriimItrrumnuinr'n4 
c. 
d. is b. aa: ie c. 207 
18. *tilatiaeltrftii eitumailaistiMaemt rwrion-rattluonarrmniillinieU 
Unrrifrathuciftialidhichilulnomi-ntx 
Iiirtnnitdkrrakihtannitliuri-AainumvuoAkix 
ti livorrtusilahriarinmttlikniithonntarnily* 
Isilstnrerrunsnunnarad-utelfaficOomuinahurenChrravalk% 
InehnuatioNeu
 
a mramninderibamitiu 186,000 1141114111
 
b. fmufiturveilignefulantehOn-runanuohnin 
c. aaaOuntsrmiNSISitiarinfttttliimptinnnxiiwntigen4 
d. trio a. an b. 
17. ifielikfinetrrirnas te41throloolf-diaOu3Mrsiniftnivtla trnarvrz 
Ltiefrinmictieltwihi-maCelihnolesnfi 
diarrainnomintrmmlinnam 
ifiarwmcioxibmianlha.nnolancts 16:1211nAlianny 
111.iwOulmvritianioah4406mai 
owydAronlbeculle 
a. luesurandiaarsitathutiouttAslifter 
b. nasitiagli4 nincioimmis44-mariieof-mlinirTsunn 
c. milicautioutinahlarriltgu uallunallin-Affirtnihtiailantl 
d. atalltmciounonfum.nrriniani-uctig-slx ianioutimeitlx 
n=tiailon 
18. EliqttrrnigantalagiolgololtAairrufrilirmadenavitfiaaxh-aitra 
=Imp t nr.1nvh a. nwinral 1 43 a MC n. 
nizinieknizini-nnhtshOnT.:11uu4 
tftmothakr) 
b. nIzirnpknuinti-ilimnii.ilid-rn4ia 
c. loinikive4nr.ImpitmOthlitharmli.31i 4wItni-anii4111-141.4q 
a. LOmataviArregrzinrola:n=impeirianinagoui-ntniftunzin 
19.  so-ntfialintafkitrninfmknneurnotjtinaunava-nalindietelnqfliCoit4 
rirrySsuflolimanfieent  cuoalkurrowisetsIlMult  orjsreiunMein-tdaniti  sAvilo 
OnnsiTwieltkilfologn4o4 
isditio.4-6niuutharaftnnrri-asaiunlikrinrri-r5ufikni-iltH4 
t lufliontatnircificarilihotatiivAriliennrriTSutianh11114 
an-nrionianfilillifol-rnuamt%tri 
iu0o.nfiganisrclkusanrusculilikratia4s411411414 
owfnairrrii
 
a  urapagaitseifoull
 
b. 1411a0shuituuruasinlifIALAumschulhom(non-rectIneet) 
lulueunann trrnaneaumunnrrillutionfitilt3 114141VILECRAUM4 
IskihavailtnXdttuse iphOtaisurAfrin 
d, litiidiusannerradsuresea4ntrfullfanciWti n^raNtrwhlfaInrril 208 
01111 
20. trarraDmalaigtrii tinrrti alat*iffulatfli Cub 
n. r-uvatiagitnafinhtilasata:7-tevoilowitrain 
v. innavearstiolvflausamitnavorfaq 
frrairivvestaliohilffm 
vulava44-1niuma 
tafF4aAionftwourso 
a 1:1=veriatIrlimatiolvttfua.nioa vloavoaryclan-i-dati ctiniecrtnarin 
b. 61nnticanfixivCifaa4laqirri-rfpg mcivsnatti-ultenal 
c. lonilliitin-rnfrsulalaqiufanamava4mnatrtlirr3norilainvulftin 
d. umimi-tiloitainfmarri-mlionwhlitilocrAftrialmqj fbothaluirmax 
mzeifiatilnianavularriimafigiu 
21. ltriiillifmaltri-outu dleirriirmommivfnamdfritriszynrii 
nuuniallthranlnuaaitlfrtufiAtiiimail4 
v. fnararrnaiulAufifilsiiiusarila 
ft iain-ntufaxkviuliluinthitucariv 
4. th411-nninue-itinlAuitaituAtnriudei ati-lanuni 
11414/4.  t1401 
a kiiifvnufnsmnfaartiismaitatollaulfsinilau 
b. ihualtoomilrisitealun-maiu 
c. utual-mhillifnatfahimearitish,rjli 
d. 1h1WINII4RIMS:hitrununitrslitilanirarribli fralarrnivessami-s4 
22. tflouetaawn:Imni-anirwatAillontanfriniti urm-rninminfbna-ufia'444 
Cnavflaa4 thwaAtonilttauletainntlutl-novaavakatcoinift iolagnia4 
n. Ii1On-minovilfAulurrnS4 tarr.uannaNnuitova-alfsaminn 
v lan-rantreaCunrminft/iouniumaAtntuaino4lalaium-Ania 
rinivintanitnnairlaatioulthrimmintil 
4. fin-ranovfnkatinnAtonshutanrosantta 
fivAnnuAssaa, 
a. affaSainorsathamillufm 
b. aaitskilliuuflanivihorw 
ninTnomatietufiotinorwhitinnfrveihrnuntoatinlakthsix 
llofienuutl7ntruOmiintitilaillxquinn 441,Tniacint-nelgfittniti 
23. at 74aAttn-mfhuaff.nrcitalkavonan utitufhtlassian= 
sa4flphttaoruratufirrn afifmitabdhatubrnztibiumffasafitnli 
innn-hallu 
v. LaMtuNivo43aq Isfl*K31 
aatitailtaufActiatuTuAttilstitasaintn 
4.  ati-nrolials.ruttnindtguli sicaouleamfl-moonarauhnilaql 209 
metaiiionInottalo 
shililalkLanhinlAiltalJurtvoimbiai 
b. ttaif-menuttlifiall ugnolubtatvoonliludiumb 
C. 1141/111411/114i untlu 164 tiltn us4Lomfon-uritidrtnnitilm 
d ullWirrivoiesaa: rrivirmitdindousalnusobna-411.114a4 avivartit 
IlrinamvutlfrimilutiinratufrInsi41illaantu 
24. riouthwiniairlidaireciutlainkru innalvinomminhanniniusiliwil 
ohni-dlornuqrsio4 
ortrlivau (Ightrng flash) tOutheinnazargintslawrannvor 
v. ihunANCati-Ine.sauffisilkaumailuilual4 
indhuou (immix) tiashXDutittianhrmimit3
 
usAiwirimtmattfnonafielorntutAionailwihom
 
wir=1)140-1 
a. intnhAplinn-mararstu)rfirMiluuntnrne 
b. ovismumituvozkwilthihluiNouartmenuvrunmelliviv114441* 
rrincrinfAx 
c. vhcluoviihei.nstuimagionalhuguev4 
d. timiln-minonathuroaluullutuev.3(Recdineer) uselskihulflom(Non-
Rectineer) 
25.	  qianevo4.44111-norr3etailimgaub 
plthdorratilfaiuCurrillinumi4114 
ntroulrhahrataisq trig 
itfluaaitomantiwathilidlotfeu 
ttrinnevtglog (14460414 
elatinomosrivig 
titan,  v. 'ItqinfTiliq 
ft olvitrimq 
.  uonIstli 
mrcotirii 
a dhelthnurgroohdhurrm (iow of perspectfve) 
b. tlat.ko.Whitnivd 
C.  dier5clocilniiii-nrvrrivaivirvelnqjfn4 
d.  laieqtioulgkniniiclimulillelrarvAtrsoopinnitivittinutti 